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A New Era in Loading 


Ву WILLIAM FONDILLER 
Assistant Apparatus Development Engineer 


pin patents on the loading ot 
telephone lines. Up to the pres- 
ent time savings of approximately 
$ 200,000,000 in plant investment 
have resulted from the use of loading 
coils in the local-cable plant. An ad- 
ditional saving of fully half this 
amount has been realized in the toll- 
cable plant, due to the combined use 
of loading and vacuum-tube repeat- 
ers. Thus, the development of suit- 
able designs of loading coil to meet 
the severe conditions of the modern 
telephone network is a problem of 
the first importance. 
The idea of “loading” in telephony 
is analogous to the loading of a vi- 
brating string with equal weights uni- 
formly spaced along its length. If 
the distance between weights is sufh- 
ciently small, the vibration of the 
loaded string will be practically the 
same as that of a uniformly heavy 
string of the same mass. In the case 
of the telephone line, loading is ac- 
complished by connecting inductance 
coils at regular intervals in the cir- 
cuit as shown in Figure 1, thus in- 


I N 1900 were issued the basic Pu- 
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creasing the electrical mass of the 
line. This increased mass reduces the 
friction (resistance) loss and, react- 
ing with the elasticity (capacitance) 
of the circuit, also reduces distortion. 
Thus a speech wave entering a loaded 
line is transmitted with less attenua- 
tion and alteration of the wave form 
than in the case of a non-loaded line. 
In terms familiar to the power engi- 
neer, the loaded line transmits at a 
higher line-voltage, lower line-current 
and higher power-factor than the non- 
loaded circuit. The transmission loss 
may readily be reduced by loading to 
a third of its value for the non-loaded 
cable circuit, so that the same trans- 
mission efhciency would be obtained 
in a loaded cable three times as long 
as the corresponding non-loaded 
cable. 

The usual form of loading coil 
consists of a toroidal or ring core 
with a copper winding applied over 
it. The spacing of loading coils in 
cable is generally about one mile. 
Thus in the case of a long circuit, 
such as the New York-Chicago cable, 
the talking current would traverse 


the windings of approximately 900 
loading coils connected in the toll 
line. | 
In the early loading coil the core 
was formed of hard drawn fine iron 
wire—one of the rare instances of 
designedly using for a core an unan- 
nealed magnetic material. The ex- 
planation is that the 
advantage of loading 
inheres in the induc- 
tance which the coil 
adds to the talking cir- 
cuit, but this induc- 
tance can be intro- 
duced only if the 
speech currents traverse the coil wind- 
ings and hence sustain losses due to 
the resistance of the winding and to 
eddy currents and hysteresis in the 
core. All of these losses must be 
kept low by proper coil design and 
since those due to hysteresis and eddy 
currents increase rapidly with the per- 
meability of the core, a low limit of 
permeability is imposed. Our loading 
coil designs at the outset employed 
cores developing only the initial per- 


Fig. 2—Loading coil with compressed powdered core: top, 
le ft—core ring, right—partially taped core; bottom, le ft— 
coil sectioned, right—coil ready for potting 
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meability of the core material, ap- 
proximately 35, whereas in the elec- 
trical industry generally the aim was 
to use the maximum permeability ob- 
tainable in iron, in the neighborhood 
of 5,000. 

Wire-core loading coils met the re- 
quirements of the plant up to about 


Fig. 1--Меіһоа of connecting loading coils into cable 


pair 


1914. By that time a successful de- 
sign of vacuum-tube telephone re- 
peater had been developed, but it 
could not be used advantageously on 
lines loaded with the coils then stand- 
ard. The reason for this incompati- 
bility was the unstable inductance of 
the coils which would undergo large 
changes, due to excessive currents in 
the telephone lines produced under 
abnormal conditions of operation or 
by induction from outside sources. 
Such currents seriously 
magnetized the core 
and altered its per- 
meability. 

There followed 
from an intensive pe- 
riod of development 
work a type of load- 
ing coil in which a sta- 
bilizing self-demag- 
netizing effect was se- 
cured by the introduc- 
tion of non-magnetic 
gaps in the toroidal 
core. This solution 
was later superseded 
by a much more satis- 
factory one, involving 
the introduction of in- 


numerable minute gaps resulting from 
our development of a new magnetic 
material, compressed powdered iron. 

The essential improvement in core 
material demanded for repeater oper- 
ation was increased magnetic stability 
when subjected to large magnetizing 
currents. This was achieved to a high 
degree by the powdered electrolytic 
iron core. Where the older loading 
coils were liable to a permanent 
change in inductance of over 25%, 
the new coils maintained their in- 
ductance to about 2% under similar 
service conditions. Another impor- 
tant characteristic was the enormous 
resistivity of the finely-divided iron, 
resulting in lower eddy-current losses 
than for rolled or drawn metal. 


Cores were conveniently formed by 
stacking. compressed rings of pow- 
dered iron as shown in Figure 2. 

This material, first introduced on 
a commercial scale in 1916, was revo- 
lutionary in importance and for the 
past ten years has been standard for 
loading-coil cores. So economical 
were the powdered iron cores, as com- 
pared with the iron wire cores, that 
they rapidly superseded the latter, 
and the use of vacuum-tube repeat- 
ers, in association with loaded cir- 
cuits, became general in the Bell 
plant. 

Over this period extensive devel- 
cpments occurred in telephony and 
telegraphy, involving vacuum-tube re- 
peaters, carrier-frequency transmis- 


Fig. 3—Casting permalloy into ingots suitable for later crushing and 
grinding 
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sion and extensions of loaded cable. 
It was at this stage of the communi- 
cation art that there evolved the re- 
markable nickel-iron alloy, permal- 
loy, discovered by G. W. Elmen. Its 
striking combination of properties, 
the highest initial permeability and 
lowest hysteresis loss of any known 
material, arrested the attention of 


Fig. 4—Compressed powdered core loading coils: left, 


electrolytic tron core; right, permalloy core 


our design engineers who immediate- 
ly began to consider its possible uses 
in electrical communication. 

Its first important application was 
to the continuous loading of trans- 
oceanic telegraph cable where high 
permeability was essential. Here the 
permalloy in ribbon form was spirally 
wound over the submarine cable con- 
ductor. Other applications were in 
the design of electromagnets and 
transformers which also employed 
strip or sheet permalloy cores. The 
problem of its use for loading coil 
cores did not, however, readily yield 
to solution. 

At the outset it was evident that 
permalloy in the form used for sub- 
marine telegraph cables was wholly 
unsuited as a loading coil core ma- 
terial. Its susceptibility to permanent 
magnetization and the variation of 
its permeability with current ren- 
dered it markedly inferior even to 
iron wire as a loading coil material. 


However, its intrinsically low hys- 
teresis remained a sufficient lure to 
those seeking a means to utilize it. 

Our experience with powdered 
electrolytic-iron for cores pointed to 
a means for correcting the magnetic 
instability of permalloy by having re- 
course to a multi-airgap core. The 
problem then was to produce a core ot 
powdered permalloy 
which should retain to 
as great a degree as 
possible the desirable 
properties of sheet 
permalloy. Through 
the metallurgical skill 
of the development 
engineers of the Wes- 
tern Electric Com- 
pany, combined with 
the experience of our 
Laboratories, the 
problem was solved. Means were 
developed by which permalloy was 
embrittled so that it could readily be 
ground to the desired fineness and 
these operations, accompanied by 
suitable heat treatments, yielded the 
compressed powdered-permalloy core 
of today. 

This development, described here 
in a few sentences, required, however, 
continuous experimental work over a 
period of several years before it was 
brought to a successful issue. It rep- 
resents the result of highly coopera- 
tive efforts, embracing researches and 
developments in chemical, metallur- 
gical and electrical fields. 

Between the powdered and the 
sheet permalloy differences in prop- 
erties exist amounting almost to an 
antithesis—each material being emi- 
nently suited to the use to which it is 
applied. Sheet permalloy has an ini- 
tial permeability of approximately 
7500, powdered about 75. In re- 
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sistivity, on the other hand, pow- 
dered permalloy is approximately 
50,000 times as great as sheet perm- 
alloy. The residual effect of d.c. 
magnetization on sheet permalloy re- 
sults in a reduction of about 50% of 
the initial inductance; for powdered 
permalloy only one-half percent. 

These striking differences in char- 
acteristics are, of course, due to the 
fine subdivision of the permalloy in 
the powdered core, in the production 
of which each grain is carefully in- 
sulated before pressing the core rings. 
Though permalloy in sheet form was 
not itself suitable, it nevertheless con- 
stituted a strong invitation to de- 
velop a core design 
adapted to the load- 
ing coil problem. Not 
by virtue of the ex- 
tremely high initial 
permeability which 
made it valuable for 
submarine cable, but 
because of its low hys- 
teresis has it become 
suitable. 

As compared with 
the powdered iron 
core, the new permal- 
loy core has greater 
magnetic stability and 
approximately twice 
the permeability. The 
effect on the physical 
dimensions is indi- 
cated in Figure 4 which 
shows the No. 612 
powdered - permalloy - 
core alongside of the 
No. 602 powdered- 
iron-core coil. In 
both cases the cores 
are formed by steel 


square inch. The two coils have sub- 
stantially the same efficiency over the 
range of speech frequencies, but their 
relative volumes are about as 1 to 3. 
Figure 5 shows cases equipped with 
200 coils of the types just described 
and indicate the marked saving in 
space. This is of great importance, 
particularly in metropolitan areas, 
where space in loading vaults is ex- 
tremely valuable. 

At present loading coils are being 
placed in the telephone plant, on local 
and toll cables, at the rate of about 
700,000 each year, and that rate 15 
expected to continue for some time. 


On the basis of this demand, the de- 


Fig. 5—Cast-iron cases each containing 200 loading coils: 
left, permalloy-core coils, weight 725 pounds; right, iron- 
core coils, weight 1750 pounds 
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dies under pressures of 
200,000 pounds per 


velopment of a loading coil with 
powdered-permalloy core results in a 
very substantial saving in first cost. 
The new loading coils are the full 
equivalent of the old, and in certain 
respects, notably as to freedom from 
magnetization and modulation, are 
decidedly superior. 

To those concerned with develop- 


ment and research, however, this coil , 
is not the final word. Though inau- 
gurating a new era in loading today. 
it represents but another step in ad- 
vance of the many that have pre- 
ceded it. In its turn it will no doubt. 
be superseded as our continued ex, 
perimental work points the way to 
further improvements in the future. 


—— 


The head, and two of the pioneers, of the Bell System: left to right, Robert ЇЇ. 

Devonshire, first employee of the System and since 1913 Vice-President of A. Т. 

© T.; President Gifford; and Thomas А. Watson, who assisted Alexander Graham 

Bell in his telephone experiments. The picture was taken on the occasion of a testi- 

monial dinner to Mr. Devonshire on August 17, 1927, celebrating his fiftieth Bell 
| System anniversary 
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New Step-By-Step Equipment 


Bv E. H. SMITH 
Systems. Development Department 


5 our cities grew in population it 
A became necessary to group 
more people and larger num- 
bers of activities: in the same space. 
The one- and two-story buildings be- 
gan to grow into five- and six-story 
buildings and the engineer and the 
architect were called in to investigate 
the problems that came with this 
grouping. Engineering skill and in- 
genuity respond- 
ed to this de- 
mand by bring- 
ing into being the 
modern skyscrap- 
er. Much of the 
progress of the 
country can be 
traced to in- 
stances in which 
the engineer made 
two things grow 
where one had 
grown before. 
The growth of 
business enter- 
prise concen- 


і ТЧК. 


ЖИТИП | 


nmt M. 


MIT Uum lau 


"эин " 111" gi 


ERREUR тта o m ҮЙҮ H 
i ДЫЛ эө "не "таи! ер if 
Th avv v 1. 1 Г] ss ү Ж. үу” 


«Жатты Е ШҮ. 
ЫТ ШК usur LI me m» “ A LU теу) 1 


ШИШ ДҮҮ 
rum i amo mo oma C ү 


this tendency and large savings in 
building space are resulting. The 
selecting mechanism for routing a call 
through an exchange area is mounted 
on structural iron frames which were 
formerly nine feet high and were de- 
signed for buildings found in the vari- 
ous localities; in many instances they 
were placed in quarters rented in com- 
mercial buildings and even in dwell- 
ing houses. It is 
obvious that a 
frame designed 
to meet so many 
building condi- 
tions could not, 
in the nature of 
things, be eco- 
e vm nomical for allof 
DIMUS them, and it fol- 
lows that the use 
of this kind of 
structure in the 
modern telephone 
building is gen- 
erally wasteful. 
Extensive in- 
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trated in small vestigation in 
areas has re- building design 
sulted in in- for telephone 


creased expan- 
sion of the tele- 
phone plant and 
it has become 
necessary to adapt the central office 
equipment to the skyscraper idea. 
The equipment design of the step-by- 
step machine switching system has re- 
cently been developed to fit in with 


ers to group many 


Part of a distributing terminal assembly, 
showing strap wires used instead of jump- 


number of trunks 


equipment has re- 
sulted in the es- 
tablishment of 
fundamental di- 
mensions for column spacing and ceil- 
ing height to which the equipment en- 
gineer has adapted the supporting 
structure for machine-switching appa- 
ratus. The clear ceiling height is 


switches on а small 
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twelve feet six inches and the step- 
by-step selector frames, relay racks 
and distributing frames have now 
been redesigned to a uniform height 
of eleven feet six inches. This allows 
one foot above the frames to care for 
the interconnecting cables. Clearly, 
the eleven-foot-six-inch frame uses 
the available content of the modern 
telephone building more efficiently 
than was possible with the nine-foot 
frame. 

Although increasing the height was 
the primary consideration, other im- 
provements were incorporated in the 
new frames: better methods of wir- 
ing, greater accessibility of the equip- 


Installation of 9-foot frames under a high ceiling at 


Reading, Pa. 


story 


Length of the hanger-rods tells tts own 


ment for installation and maintenance, 
more uniformity with other systems. 
The changes also have promoted the 
practical and economical handling of 
the equipment from a job-engineering 
and a merchandising standpoint. To 
obtain these improvements not all of 
the capacity gained by increasing the 
height of the frames could be turned 
into net saving, but part had to be 
sacrificed to gain other advantages 
somewhat less tangible but of great 
importance to the system as a whole. 

The low-type frames for selec- 
tors, repeaters and connectors con- 
sist of two bays or groups of shelves 
mounted on supporting frameworks 
and placed back to 
back. In the case of 
the selector frames, a 
means of terminating 
and distributing the 
trunks of the multiple 
banks known as the 
distributing terminal 
assembly closes one 
end of the space be- 
tween frameworks. 
The selector frames 
mount six shelves, the 
repeater eight and the 
connector five shelves 
per bay. The new 
high selector frames 
mount eight shelves, 
the repeater frames 
twelve shelves, and 
the connector frames 
seven shelves per 
bay. Instead of be- 
ing placed back to 
back, the two bays of 
the selector frame are 
in the same vertical 
plane with the distri- 
buting terminal assem- 
bly betweenthem. The 
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repeater and connector frames are sin- 
gle-bay structures and are located in 
an office layout end to end inline, thus 
giving the step-by-step office parallel 
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Old-type connector frames at Reading, 
adjoining a distributing frame of stand- 
ard height 


lines of single-sided frames. The 
wiring sides of these frames are 
placed facing each other with an aisle 
between them. Since there is little 
maintenance required on the wiring 
side, the aisle space allowed is suf- 
ficient to permit the maintenance man 
to work without cramping, but the 
aisle is not wide enough to be used as 
a thoroughfare. However, a wider 
aisle is used on the apparatus side 
where the bulk of the maintenance 
work is done. In the case of the dou- 
ble-sided nine-foot frames there was, 
under the worst conditions, less than 


twelve inches aisle space between the 
apparatus on the inner or wiring side. 
This made the wiring, particularly 
the distributing terminal assemblies, 
very inaccessible. 
With the frames 
in a straight line and 
the minimum of one 
foot eight inches be- 
tween the guard rails 
the accessibility of the 
equipment has been 
very much improved. 
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Two of the first high-type selector 
frames, as installed at Springfield, Mass. 
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Notwithstanding the increased aisle 
space, floor plans of various offices, 
which were laid out with the new 
frames, showed an average saving of 
twenty per cent in the space required 
for the frame equipment. In some 
cases this saving ran as high as thirty 
per cent. Ап important result is that 
the use of high frames will often post- 
pone large investments in additions to 
existing buildings. In one instance it 
was found possible to place three cen- 
tral-ofhce units in a building where 
only two units of the old-type frames 
could have been installed. There are 
also many intangible savings in floor- 
plan space, as illustrated by the fact 
that at one of the earlier offices the 
Telephone Company's engineers de- 
sired to place two complete units on a 
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single floor for economy in cabling and © 
maintenance. They could not have 
done this using nine-foot frames but 
did accomplish it by installing the 
high frames. 

The economy of this design 15 re- 
flected in the Associated Companies 
orders for high frames for additions 
to existing central offices. In the orig- 
inal plan it was not proposed to use 
the high frames extensively on addi- 
tions except where the originating: 
unit was small in comparison to the 
ultimate office and where the present 
floor plan lent itself readily to the use 
of the high frame. Changing the floor 
plan of an office generally involves 
some cabling difficulties and compli- 
cates the alarm equipment and main- 
tenance and is, therefore, not resorted 
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High-type connector frames under а high ceiling at Springfield 
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. to unless other substantial economies 
may be realized. There have been a 
number of cases, however, where the 
use of the high frames on small addi- 
tions made it possible to care for the 
equipment without additions to the 
building. А saving of twenty per cent 
in floor space also represents a saving 
in cabling, since the frames and equip- 
ment can be mounted nearer other ap- 
paratus to which they are cabled. The 
line finders and connector frames, for 
example, may be grouped nearer to 
the intermediate distributing frames; 
the associated cable runs are the most 
expensive in the office. 

The high frames of course require 
rolling ladders for maintenance work 
since fifty per cent of the equipment is 
out of reach of a man standing on the 
floor. However, it has always been 
necessary to maintain one-third of the 
low-frame equipment from a stool or 
some form of portable ladder. It is 
rather difficult to express quantatively 
the relative convenience of the two 
schemes, but it is believed that ex- 
perience in the field will show that the 


easy accessibility of the frames will 


offset the disadvantages inherent in 
the use of rolling ladders. 

'The more accessible arrangements 
of the distributing terminal assembly 
has greatly facilitated the intercon- 


nection of punchings by means of 
strap-wiring. These connections are 
often very complex, since they serve 
to distribute the traffhc by giving апу 
desired number of selectors access to 
a group of trunks. 

Although the floor-space saving 
will be the major economy resulting 
from the use of the high frames, 
there are other not inconsiderable 
savings. Each of the shelves to be 
mounted on the frames consists of a 
fully wired unit with the local cables 
connected to the terminal strips in the 
factory. The installer's work is thus 
reduced to a minimum since he is only 
required to erect the framework and 
connect the switchboard cable to the 
terminal strips. Any shelf can be 
mounted in any position on the frame, 
and without re-forming cables after 
the remaining units have been in- 
stalled. Тһе flexibility inherent in 
shop-wired units makes quicker in- 
stallation of the equipment possible 
and the rearrangements for additions 
comparatively simple. 

The first step-by-step machine- 
switching office using these new 
frames was placed in service at Sioux 
City, Iowa, on May 1, 1927. А num- 
ber of offices of this type are now 
being installed and all new offices will 
make use of these improvements. 


The Life History of ап Adsorbed Atom 


Ву JOSEPH A. BECKER 


Research Department 


HEN one substance is held 
W on the surface of another 
it is said to be adsorbed; if 


it penetrates into the interior it is 
absorbed. This article tells the story 
of what happens to an atom of, say, 
caesium or thorium when it strikes 
the surface of a tungsten filament. 
In the telephone business we are 
interested in the story because ad- 
sorption phenomena play a vital 
part in the oxide-coated filament 
which we use in most of our vacuum 
tubes. This filament, while it is the 
most efficient and most generally suit- 
able filament for commercial pur- 
poses, represents a complex case of 
adsorption and electron emission phe- 
nomena. Hence it is desirable to 
study simpler types of filaments in 
which adsorbed particles make it 
easier to boil out electrons. Our in- 
terest in vacuum tubes is so great that 
we cannot afford to neglect anything 
which promises to give us cheaper 
electrons. To free these electrons it 
is necessary to heat the filament. 
Practically all this heat is wasted en- 
ergy. For the same amount of this 
wasted energy, a tungsten filament 
whose surface is covered with tho- 
rium will yield 100,000 times as many 
electrons as the clean tungsten fila- 
ment; and if the surface is covered 
with caesium this yield is 100,000,- 
000,000,000,000,000 (1 with 20 
zeros after it) times as great. Little 
wonder then that the habits of such 


adsorbed atoms should be studied. 

The chemist is interested іп ad- 
sorbed atoms because they are the 
keystone to catalysis. The mysteri- 
ous phenomena of catalysis are bound 
to play an increasingly important 
part in the history of civilization. By 
means of it new and useful com- 
pounds will be made; our food and 
fuel supply may be augmented. Even 
now we depend on catalysis for many 
essential products. 

The research physicist is interested 
in adsorption because it opens up a 
new world of study. The physicist 
knows a good deal about the struc- 
ture of the atom, how atoms behave 
in the gaseous state, what they do in 
the solid and liquid states. Until re- 
cently what happened on the surface 
was little understood. The study of 
the emission of electrons and posi- 
tively charged ions from the surfaces 
of hot bodies has given the physicist 
a powerful tool with which to pry 
open the secrets of this new surface 
world. Due to this study, a good deal 
of which has gone on in our labora- 
tories, a fairly complete picture of 
this new world can be given. When 
a caesium atom strikes a clean tung- 
sten surface it is ionized, that is, it 
gives up its valence or outermost 
electron to the tungsten and becomes 
positively charged. This exchange 
takes place because the tungsten sur- 
face has a greater affinity for elec- 
trons than the caesium atom. The 
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positively charged ion induces a neg: 
ative charge on the surface and since 
the distance between them is about 
two one-hundred millionths centime- 
ters the electrical field between them 
is simply huge—larger than any that 
man can produce—and the caesium 
is held by very strong forces. In fact 
it will stick to a tungsten surface at a 
temperature of 800 degrees C. for an 
appreciable time, even though solid 
caesium at this temperature would ex- 
plode with terrific force and become 
a vapor. 

The strong electrical fields рго- 
duced by the adsorbed caesium are 
in such a direction as to help pull elec- 
trons out of the tungsten. That is why 
such an enormously 
greater number of elec- 
trons boil out of caesi- 
ated tungsten surface 
than out of the clean 
tungsten surface. Of 
course, after the tung- 
sten surface is com- 
pletely covered no 
more electrons can be 
pulled out of it and the 
electrons must come 
from the caesium it- 
self. This explains the 
rather startling fact, 
shown by experiment, 
that electrons are 
more easily obtained 
from partially caesi- 
ated tungsten than 
from thickly covered 
caesiated tungsten or 
from pure liquid caesium itself. 

Since these strong fields are in a 
direction to help the negative elec- 
trons escape from the surface we 
should expect that they would hinder 
the escape of positive ions. Here 
again experiments beautifully confirm 


the hypothesis and show that if a few 
caesium atoms can be made to stick 
to a hot tungsten surface the rest 
stick more easily. 

Of course, if the temperature is 
too high the caesium atoms that strike 
the surface will not stay very long, 
but they stay long enough to give up 
their valence electron and then they 
evaporate as ions. Under these con- 
ditions every atom that strikes the 
surface comes off as an ion. 

If the temperature is lowered 
somewhat, a few caesium atoms stick, 
then the rest stick more readily; in 
fact for a while every atom that 
strikes sticks until about one-fourth 
of the surface is covered. By now the 


C. J. Calbick and J. A. Becker with the apparatus which 


yields information on adsorption phenomena 


affinity of the surface for electrons 
has been partially satisfied and hence 
not every atom that strikes is ionized. 
Experiments show that in this con- 
dition both atoms and ions evaporate. 

If the temperature is lowered still 
further, the surface is covered still 
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more and now only atoms evaporate. 
If the temperature is low enough the 
surface is more than completely cov- 
ered. 

These evaporation characteristics 
were deduced from a long series 
of experiments which revealed the 


number of atoms 
that were ad- 
sorbed under 
various condi- 
tions and how 
this number was 
related to the 
number of atoms 
and ions that 
evaporated at 
various tempera- 
tures. When one 
reflects that 
atoms are so 
small that we can 
never hope to see 
an individual one 
and also that they 
are uncharged 
and hence cannot 
be measured as a 
current of elec- 
tricity, it seems 
marvellous that 
experiments 
should exist 
which permit us 
to practically 
count the atoms that are adsorbed. 

A life history would be incomplete 
if it did not tell how long an adsorbed 
atom stays on the surface. Of course, 
the length of life depends on the tem- 
perature; due to the strong electrical 
helds by which one atom or ion in- 
fluences others, the life also depends 
on the number adsorbed. These two 
factors determine the life; and if the 
adsorption characteristics mentioned 
above are known, the number of sec- 


This сот ех vacuum-tube is used 
to study adsorption of caesium on 
tungsten 


onds that an adsorbed atom spends 
on the surface can be deduced. Thus 
at a temperature of 500 degrees C.. 
at which an object is just visible in 
a dark room, and when the surface is 
half covered, an atom will, on the 
average, stay for 40 seconds. This 
life is about a 
million times as 
long as that for a 
caesium atom on 
bulk caesium at 
the same temper- 
ature. 

Finally, а life 
history should tell 
us whether or not 
an adsorbed atom 
moves over the 
surface and if so 
how far. Here- 
tofore chemists, 
who have done 
most of the work 
on adsorption, 
have assumed 
that adsorbed 
atoms are held 
most firmly by 
the ‘‘active cen- 


ters" in a cata- 
lyst and that 
these were the 


edges and corners 
of the surface 
crystals. The experiments with 
caesium and other adsorbed sub- 
stances show unquestionably that the 
atoms are not bound to any one 
spot on the surface but that they 
move about like a two-dimensional 
gas or like drops of water on a red- 
hot stove. If an atom were the size 
of a tall man and were born in New 
York it might die in Paris after hav- 
ing made numerous side-trips around 
the world. 
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A Tour Through the Microscopic Laboratory 


By ANNA K. MARSHALL 
Apparatus Development Department 


HEN one reads of the 
struggles of the early mi- 
croscopists to learn more 


of the world about them, great ad- 
miration for 
their courage is 
aroused. They 
had at their dis- 
posal no such ar- 
ray of apparatus 
as has the pres- 
ent-day worker; 
in fact, they had 
to begin by mak- 
ing their own mi- 
croscopes. Nor 
had they the pub- 
lics support and 
confidence; their 
work was not 
completed until 
by diligent show- 
manship they had 
proved to a hard-headed world the 
new facts they discovered. 

For some reason every early 
worker in this field labored long and 
diligently in a ‘dusty, stuffy room." 
That seemed to be considered a neces- 
sary part of such work. With what 
awe those men would look upon the 
spacious, shining quarters utilized for 
a microscopic analysis laboratory in 
our Bell Telephone Laboratories! 
Housed on the court side of the re- 
cently built steel frame and masonry 
structure, this laboratory has the 
unique privilege of having every inch 


Hooke’s Microscope, а striking contrast 
with the precision instrument of today 


of its rooms arranged in exactly the 
manner most desirable for easy and 
efficient use of the apparatus. 

By the arrangement in the new lab- 
oratory there is 
an absolute sepa- 
ration of work, 
three phases be- 
ing recognized as 
essential. There 
are three rooms, 
—the prepara- 
tion room in 
which specimens 
are prepared for 
their subsequent 
study under the 
microscope; the 
operating room 
in which the vari- 
ous kinds of mi- 
croscopes are 
placed for the 
study of specimens; and the dark- 
room for completing the pictorial 
proof of the observations made in 
the microscopic researches. 

The preparation room is a com- 
plete laboratory in itself. Here the 
specimens are cut, ground, polished, 
etched and heat-treated as the case 
requires. This insures the microscopic 
apparatus in the operating room 
against all dust or acid fumes. The 
principal materials examined are met- 
als, although as has been told* pre- 


* BELL LABORATORIES RECORD, Feb., 1926, f. 235. 
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viously, many telephone materials find 
their way into this laboratory for one 
reason or another. With the metals, 
as with any other work, it is a matter 
of experience to be able to prepare 
them easily. Here is at hand most 
modern apparatus for the purpose. 


H. A. Anderson preparing to cut a speci- 
men of lead cable sheath on the micro- 
tome 


Those specimens which are too 
large for the purpose of examina- 
tion are placed in a power hack-saw 
which cuts through a specimen, then 
automatically stops. The next step 
is to grind a flat surface. Very hard 
metals require the action of a coarse 
abrasive. And since this is a long 
process if done by hand, recourse is 
had to an electrically operated grind- 
ing wheel. The friction of two sur- 
faces rubbed together causes heat, 
which is an unwanted factor during 
this operation since heat tempers 
metals, and their structure is thereby 
changed. To remove this heat, a 
stream of cold water is run over the 


specimen throughout the grinding 
process. This grinder has two wheels, 
а very coarse alundum wheel on one 
side and a finer wheel of emery on 
the other side. The latter is used 
for cutting specimens too hard to be 
cut with the power hack-saw. When 
the specimen has been sufficiently flat- 
tened, it is then carefully ground 
down by hand on abrasive papers of 
successively finer grades. Each pa- 
per is used for a period long enough 
to insure the removal of*the coarser 
scratches made by the previous paper. 
During this work, the surface of the 
specimen must be kept perfectly flat. 
The abrasive papers are therefore 


ч v 


fell re 


К. К. Ziegler puts the final polish on a 


steel specimen 


laid face up on the plane surface of a 
heavy metal bench plate. After this 
process, the specimen is ready for 
polishing on electrically run discs, of 
which three are in use. In case the 
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specimen must undergo а heat-treat- 
ing process before it is polished for 
examination, both an oven and a fur- 
nace are available in the laboratory. 

Another piece of apparatus in the 
preparation room appeals to general 
interest. It is a microtome of sturdy 
construction primarily intended for 
the sectioning of wood for micro- 
scopic study, but introduced by this 
laboratory into the role of a metal- 
sectioning apparatus. That is, soft 
metals such as lead, gold, aluminum, 
and copper are cut with a specially 
honed knife and in this way prepared 
for etching much more easily and 
with much clearer and more accu- 
rate results than by polishing. 

After metal is either polished or 
cut, its structure can be brought out 
for study by the application of acids. 
The etching 15 carried on under a 
fume hood which is equipped with 
an electric blower to carry off all acid 
fumes as quickly as they rise, thus 
safeguarding the health of the work- 
ers as well as preserving the appa- 
ratus from the injurious effects of the 
acids. 

A viewing microscope is kept in 
the preparation room and is used to 
watch the progress of the prepara- 
tion of specimens. This microscope 
has an historical interest in being the 
first one used for successful high- 
power photomicrographs. 

The other laboratory, which for 
convenience is called the operating 
room, is more than three times as 
large as the preparation room. Here 
are the microscopes of various kinds 
on which studies of the materials are 
made. If a large specimen is to be 
examined as a whole, it is placed on 
the outfit known as the gross metal- 
lurgical outfit which does not include 
a microscope at all but has a large 


stage for holding the specimen while 
it is viewed through low-power lenses 
up to a magnification of about thirty- 
five times. 

For studying specimens that must 
be magnified higher—from fifty to 
six thousand times—a metallurgical 
microscope is used. The combination 
of lenses, eyepieces and bellows-ex- 
tension gives the desired magnifica- 


К. M. Sample uses the micro-manipulator 


tion. The crystalline structure of 
metals and metallic alloys is studied 
in minute detail; conclusions are 
drawn as to the causes for defects in 
metals; changes are seen due to va- 
rious treatments of the metals; and 
improvements are suggested. 

The layman thinks of a micro- 
scope in terms of magnification or en- 
largement of the optical image over 
the dimensions of the object. Не 
disregards the matter of resolution 
which denotes the ability of the micro- 
scope to "resolve" or produce sharp 
images of very small particles. It is 
known that by decreasing the wave- 
length of the light used, resolution 
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One corner of the preparation room. Mr. Sample abcut to place a specimen in the 
electric furnace; at the grinding wheel, Mr. Ziegler prepares a flat surface on a 
very hard specimen 


The operating room with its array of microscopes. In the immediate foreground 1s 
the ultra-violet equipment 
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may be improved. This fact led to 
the development of the ultra-violet 
microscope which utilizes very short 
wave-length light. Ultra-violet light 
is below the visible spectrum and con- 
sequently the eye cannot visualize 
with this light. In this microscope 
all optical parts are of quartz, as 
glass is opaque to ultra-violet light. 
The successful 
use of ultra-vio- 
let light on metal- 
lic specimens is a 
development of 
this laboratory. 
The ultra-mi- 
croscope is used 
for the study of 
colloidalsolutions 
in solid or liquid 
form. A col- 
loidal solution 
may be briefly de- 
scribed as one in 
which very small 
particles of mat- 
ter are dispersed 
in a medium. The 
dimensions of the 
particles are usu- 
ally considered to 
be sub-microsco- 
pic. The actual particles are not ob- 
served but their presence is made 
known as bright points by the light 
which they scatter. The colloidal 
solution is intensely illuminated and 
these particles shine brilliantly the 
same way that dust particles floating 
in the air of a darkened room are 


made visible by means of a beam of 


sunlight. 

A microscope for viewing trans- 
parent objects is used for the study 
of such materials as wood, paper 
fibers, and porcelain. It was by this 
means that some interesting features 


Miss Marshall adjusts the microscope 
before photographing a timber section 


of the microscopic structure of rub- 
ber were recently brought out. 

Provision has been made for study- 
ing the effect of heat upon metals dur- 
ing the actual heating process. This 
is accomplished by means of the heat- 
microscope, a novel combination of 
furnace and microscope. The speci- 
men to be investigated is placed in 
the small fur- 
nace, the heat 
turned on and a 
watch kept on 
the specimen by 
means of the mi- 
croscope which is 
attached in such 
a position that 
the surface of the 
specimen is di- 
rectly in the view 
of the observer. 

Other appa- 
ratus in the labo- 
ratory includes 
the micro-manip- 
ulator, a delicate- 
ly made affair for 
dissecting small 
specimens with 
the aid of the mi- 
croscope. Its mo- 
tion is made possible in any direction 
and for unbelievably short distances 
by means of small screws to direct the 
movements. Їп this way microscopic 
materials may be treated quite as 
though they had the size of visible 
materials. The micro-character tester 
makes a fine line along a metallic 
specimen; by the study of this line 
under the microscope one can see the 
relative differences in the hardness of 
the crystals which make up the ma- 
terials under observation. 

The dark-room is divided into two 
parts, and quite illogically, it would 
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seem, there аге no doors. Entrance 
is through a maze which effectively 
cuts off light from the first part, a 
room used only for the printing 
process. Another maze with black 
curtains leads from this room into 
the developing room where the plates 
are developed. Thus both printing 
and developing can be carried on at 
the same time without interruption 
or delay to either. 

The photomicrographic laboratory 
is internationally known for its de- 
velopments by F. F. Lucas, in the field 
of high-power metallography. 


When this laboratory speaks in 
terms of high magnifications, it lim- 
its itself to the point at which it is 
able to obtain perfect detail and reso- 
lution. Its province is not merely to 
magnify to great power, but at the 
same time to obtain results which can 
be read by those who know the lan- 
guage of the photomicrograph. High- 
lights and shadows on the photo- 
graphic print are full of meaning to 
the investigator as guide posts in his 
search for more serviceable and more 
economical materials for the Bell 
System. 
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An Oficial Appreciation 


Assistance rendered by the Bell System to the Canadian 
Government in effecting a tie-in of Canadian broadcasting sta- 
tions for the Diamond Jubilee Celebration has been acknowl- 
edged by Premier W. L. Mackenzie King in the following 


letter to President Gifford: 


“The broadcast of the official ceremonies at Ottawa in cel- 
ebration of the Diamond Jubilee of Confederation was a great 
success. Speech and music alike were heard throughout Canada 
and beyond, and grateful reports are being received daily. 
What began as a daring venture became an outstanding, uni- 
fying feature of the National celebration. 

“The Government of Canada appreciates greatly the as- 
sistance, so readily and generously given by the American 
Telephone and Telegraph Company, by your direction, not 
only in counsel, but through the use of equipment and facilities 
which made possible the application to this National purpose 
the results of the scientific research by your System, to which 
the communications of the world owe so much. 

“On behalf of the people of Canada who received the 


message, as well as on behalf of the Dominion Government, 1 


tender appreciative thanks.” 
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Winged Words 


EW York's cheers for Lind- 
| N | bergh were still resounding 
when the Lindberg Aero- 
nautics Corporation soared into the 
spotlight. An in- 
dividual with a 
name similar to 
that of the fa- 
mous pilot was 
found, this name 
appropriated, the 
idea іпсогро- 
rated under the 
laws of Dela- 
ware, advertise- 
ments made for 
stock-selling re- 
cruits and prepa- 
rations made to 
unload on cheer- 
ing patriots from 
$10,000,000 to 
$100,000,000 of 
securities bearing 
Lindberg's name. 
The National Better Business Bu- 
reau and those of Philadelphia, New 
York, Cleveland and St. Louis, acting 
in concert, obtained and disseminated 
the facts. The bubble—"'There's 
millions іп the Air"—burst, and many 
good dollars consequently remained 
safe in the pockets of investors. 


© Underwood and Underwood 


Through Western Electric transmitters, 
Col. Lindbergh!s words start their radio 
journey 


To the Better Business Bureau of 
Cleveland, in which city was discov- 
ered the innocent "Lindberg" whose 
name was taken by the promoter, 
Assistant Secre- 
tary of War Da- 


vison wrote: 
“ 


. . . The 
history of events 
shows that when- 
ever some me- 
dium of general 
benefit to man- 
kind is evolved 
the ‘wild-catter’ 
is usually on the 
job prepared to 
feast on the gulli- 
bility of those 
who look for 
quick and big 
profits." 

The Bureau 
has investigated 
a large number of 
"investment" schemes, has published 
its findings in pamphlets available at 
its headquarters, 383 Madison Ave- 
nue, New York. Among these pam- 
phlets are: Which Way Decimo ? ; Bos- 
ton Curb Exchange; Universal Lock 
Tip; International Transportation 
Association; Read Before You Sign. 


Cutting Expense Corners in Systems Drafting 


By W. L. HEARD 


Systems Development ‘Department 


NE often hears of the ad- 
vancements which have been 
made in photography in the 

last few years, but few realize the ex- 
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This hal f -tone was made from the photo- 
graph with which the process started 


tent to which it is used as an aid to 
the engineer. Some instances which 
are universally recognized, of course, 
are the blueprints and photostats 
made from the tracings and sketches 
used by the engineers. These are not, 
however, the only ways in which 
photographic processes may serve to 
simplify the making of intricate cir- 
cuit and equipment drawings. 

In connection with the preparation 
of certain of our engineering infor- 
mation, it is desirable to portray cer- 
tain objects in three dimensions. In 
making perspective drawings of such 
things as sequence switches and con- 
nectors the amount of drafting time 
required is quite long and the work 
exacting. To reduce this time and its 
resultant costs, there has been devel- 
oped in the Systems Drafting Depart- 
ment a scheme which has resulted in 
materially reducing the expense and 
time of making these drawings. The 
method used has all the flexibility, 
both as to change in size or modifica- 
tion of detail, that could be desired. 
It meets one of the complicating re- 
quirements that the drawings be 
made from one and one-half times to 
four times the size of the actual re- 
production. which is placed in our 
specifications. 

The apparatus is first photo- 
graphed. Over the resulting print a 
piece of transparent celluloid is placed 
to serve as tracing cloth. Upon this 
the photograph is then traced in free- 
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hand. Celluloid is used because its 
greater transparency makes it easier 
to see the details of the photograph. 
The image on the celluloid is then en- 
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This line-cut was made from the zinco- 
graphed print which is the final result of 
the process 


larged by making a photostat the de- 
sired size. From this photostat the 
apparatus is traced directly on trac- 
ing cloth where the drawing is com- 
pleted as to details, such as shading, 
lettering, and marking. 

The final step, from the enlarged 
tracing with the added details and 
notes to the reduced reproduction 
that may appear on the specification 
sheet, is accomplished by a process 
known as zincographing. This is an 
interesting process which gives repro- 


ductions of sketches, typing, and sim- 
ilar information used in the prepara- 
tion of engineering data, the only lim- 
iting factor being that a legible black 
and white original must be available. 

The first step is to photograph the 
original or master copy, obtaining a 
negative on glass or paper, which 
may be either an enlargement or a 
reduction as desired. Portions of it 
may then be blocked out or other 
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Excerpt from а zincographed specification 


for cord-repatr tools 


parts inserted if necessary. The neg- 
ative is next stripped from its plate 
or film, put on a large sheet of glass 
and backed up by a sensitized zinc- 
plate. This is then placed ina 
vacuum printing frame and given a 
brief exposure, after which the plate 
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is removed, rolled up with ink, and 
developed. At this stage, the design 
stands out clearly in black ink on the 
surface of the plate. Corrections 
may be made on this plate or designs 
etched in as required. After these 
operations have been completed, the 
plate is ready for printing. The press 
used has two cylinders, around one 
of which the zinc plate is bent. This 
revolves and leaves an impression on 
a rubber blanket which covers a sec- 
ond revolving cylinder. This latter 
roller in turn transfers the impression 
to the paper. 

Some of the advantages of the use 
of this method of printing are the 
prompt deliveries which can be ob- 
tained; from one to three days are 
required for the usual run of ma- 
terial. Considerable time and effort 
are also saved due to the fact that 
copies made in this way do not re- 
quire elaborate checking, as is the 
case with material which must be 
copied or which must be set up on a 


regular printing press. This process 
can be used over and over with the 
same master; and the master copy 
can be changed again and again by 
blocking out and patching. 

In the Systems Development De- 
partment, all specifications are now 
prepared by this method; and draw- 
ings and other data are furnished on 
this basis wherever the number of 
copies required will make the expense 
of this reproduction justifiable. 
Where a large number of copies are 
needed, which ts often the case, this 
method is cheaper than blueprinting. 
Ordinary paper is used and the cost 
is not much more than that of the pa- 
per itself. With blueprints, on the 
contrary, there is little reduction in 
price due to quantity production since 
the sensitized paper is the main item 
of cost. In our Systems Department, 
over three million pages of such zinc- 
ographed copy are produced a year, 
and these find distribution to all parts 
of the Bell System. 
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Some Bell System Statistics 


Thirty-three machine switching offices are now in service 
іп New York City, to which three hundred eighty thousand 
telephones are connected out of а total of two million two 


hundred thousand Bell-o:cned dial stations. 


These in turn are 


a sixth of the Bell stations, and almost an eighth of all tele- 


phones in the country. 


The Bell System owns about three-fourths of the nation’s 
telephones, nine-tenths of the wire used for exchange and toll 


service and about a third of the central offices. 


Parent and 


operating companies employ about five-sixths of the telephone 


workers. 


Stockholders in the American Telephone and Telegraph 
Company on June thirtieth numbered four hundred twenty 
thousand, of whom seventy-three thousand were employees. 
In addition one hundred ninety thousand had purchases in 
progress under the terms of the Employees Stock Plan. 
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Five New Telephone Pioneers 


O far in 1927 five of the Labo- 
S ratories staf have become 

members of Edward J. Hall 
Chapter, Telephone Pioneers of 
America, an organiza- 
tion of those who early 
made telephony their life 
work. Its membership 
is open to employees of 
the Bell System or inde- 
pendent companies with 
twenty-one years or more 
of telephone experience. 
The new members are 
H. L. Bostater, G. W. 
Folkner, A. D. Hargan, 
E. E. Hinrichsen and A. 
W. Lawrence. 

Mr. Bostater joined 
the maintenance force of the Central 
Union Telephone Company at Colum- 
bus, Ohio, immediately 
after graduating from 
Ohio State University in 
1904. The next year he 
was transferred to Wes- 
tern Electric at Clinton 
Street, Chicago, as an 
equipment engineer, and 
did almost every variety 
of work in that feld, 
from writing specifica- 
tions to supervising the 
standardization of cir- 
cuits. In 1912 he came 
to the circuit laboratory 
here for development work on semi- 
mechanical call distribution. In 1915 
and 1916 he worked on step-by-step 
equipment, and from 1917 to 1922 


H. L. Bostater 


С. W. Folkner 


was in charge of its development. 
Since then he has been engaged in 
system development and cost esti- 
mate investigations. 

In February of 1906 
Mr. Folkner started at 
West Street as a drafts- 
man, and stayed until 
1909, when he was 
moved to Hawthorne 
with the organization 
for manufacturing re- 
lays, drops and signals. 
In 1915 he was trans- 
ferred to the technical 
end of panel machine 
switching development, 
at which he remained un- 
til the first three trial in- 
stallations were in service, in Newark. 
Then, in 1915, he came back to West 
Street, to fit the designs 
of panel apparatus to 
the requirements of com- 
mercial manufacture. 

Mr. Hargan entered 
the telephone business at 
West Street in 1906, in 
the switchboard section 
of the manufacturing or- 
ganization. From 1913 
to 1916 he was at Haw- 
thorne in connection with 
switchboard manufac- 
ture; then he came to the 
engineering department 
at West Street for work on panel ma- 
chine switching apparatus, in which 
he is now engaged. 

Mr. Hinrichsen’s experience start- 
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4. W. Lawrence 


ed earliest of this group, in Septem- 
ber, 1901, for the Central Union 
Telephone Company. He worked all 
over Illinois at plant work of nearly 
every sort. In the spring of 1905 he 
went to the Interstate Telephone and 
Telegraph Company, an independent 
company at Aurora, Illinois, where 
he stayed a year. With this back- 
ground of field experience he entered 
the equipment engineering section of 
Western Electric at Clinton Street, 
and later moved with it to Haw- 
thorne. In the fall of 1908 he was 
moved to the circuit laboratory at 
West Street, and stayed there until 
his health made a rest necessary, in 


E. E. Hinrichsen 


EA Har gan 


1917. After returning he continued 
his former work, but in the present 
Systems Development Department, 
which had just been organized. 

Mr. Lawrence's entire telephone 
career has been at West Street. Не 
entered the engineering inspection 
section in the spring of 1906, and 
later was engaged for many years in 
design of special apparatus and modi- 
fication of standard apparatus for 
specific field conditions. He is now in 
charge of special orders and of spe- 
cifications for testing and laboratory 
apparatus, and for all telephone ap- 
paratus except that used in machine 
switching. 
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News of the Month 


AT THE CENTENARY EXHIBITION 
of the Baltimore and Ohio Railroad, 
to be held near Baltimore from Sep- 
tember 24 to October 8, the Amer- 
ican Telephone and Telegraph Com- 
pany will exhibit a telephone train 
dispatching system in operation, and 
representative telephone devices from 
the first switchboard to the latest 
developments of the Laboratories. 


* * * * 

Rapio ENGINEER E. P. HENT- 
SCHEL and JUNIOR Рнүѕісіѕт J. D. 
WALLACE, JR., of the Naval Re- 
search Laboratory, were recent visit- 
ors to the Laboratories. 


* * * * 


S. P. СкАСЕ has been appointed a 
member of the Committee on Com- 
munication and of the Board of Ex- 
aminers of the A. I. E. E. 

Mr. Grace described some recent 
research work of the Laboratories on 
July 15 at the Tri-State Conference 
of the New York, Pennsylvania and 
Ohio Independent Telephone Asso- 
ciations held at Jamestown, New 


York. 


* * * * 


Јонм Mirus delivered a demon- 
stration lecture at Chautauqua, New 
York, on July 19, accompanied by the 
film “The Magic of Communication” 
and illustrated by a public-address 
system and a set of head phones for 
those with impaired hearing. Mr. 
Mills was assisted by R. E. Kuebler, 


who had supervised installation of 
the demonstration equipment. 


* * * * 


К. V. L. HARTLEY and О. Е. 
BUCKLEY sailed aboard the Baltic on 
August 20 for Liverpool. From there 
they went to Leeds to attend the 
meeting of the British Association 
for the Advancement of Science, held 
from August 31 to September 7. Sep- 
tember 10 to 15 they plan to attend 
the Technical and Scientific Congress 
of Telephony and Telegraphy to be 
held in connection with the Volta 
Centenary and Exposition at Como, 
Italy. Mr. Hartley is to read a paper 
on “Frequency Relations in Electrical 
Communication" and Mr. Buckley a 
paper on "High Speed Ocean Cable 
Telegraphy." 


ж ж ж ж 


F. Е. Lucas is to present a paper, 
"A Resume of the Development and 
Application of High-Power Metal- 
lography and the Ultra-Violet Mi- 
croscope," to the International Con- 
gress for Testing Materials at Am- 
sterdam on September 12. While in 
Europe he is to visit the Carl Zeiss 
optical works at Jena for a confer- 
ence of a week or more with their 
scientific staff on development of new 
high-power photomicrographic equip- 
ment. Не has been invited to attend 
a conference with the staff of R. Jung 
Company, Heidelberg, on preparing 
metallic specimens with a microtome, 
and to visit the Leitz works at Wetz- 
ler, Germany. Before returning he 
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wil visit metallurgical works and 
laboratories in Germany, Holland, 
France, Belgium and England. 


* * * * 


W. L. TiERNEY recently visited 
broadcasting stations using Western 
Electric equipment at San Francisco, 
Tacoma and Seattle. Не is now 
supervising installations of a one-kilo- 
watt set for the Gurney Seed Com- 
pany at Yankton, South Dakota. 


OPERATION of the five-kilowatt 
transmitting station installed under 
supervision of Н. S. Price for the 
Stromberg-Carlson Telephone Manu- 
facturing Company at Rochester, 
New York, is scheduled for the early 
part of this month. 


. W. L. ВгАСК is in charge of in- 
stallation of elaborate speech-input 
and control systems at the Sagamore 
Hotel and the Eastman School of 
Music for use with the broadcasting 
station. 


ON JUL 27, Е. S. Bernhard com- 
pleted installation of one-kilowatt 
broadcasting equipment for the Mil- 
waukee Journal. 


H. R. KiMBALL was at Hawthorne 
during August installing and testing 
a test set for measuring the reflection 
coefhcient on single channel carrier 
telephone systems. 


FROM July 17 to 26 F. B. Monell 
was at Hawthorne in connection with 
equalizers for the reproducers of 
Movietone equipment. 


E. Montcuyk and J. T. BUTTER- 
FIELD were for a time in Boston for 
the study of 1-A bearings, used on 


the driving shafts of machine switch- 
ing frames. 


Н. N. Van Deusen, J. К. Town- 
SEND and H. G. ARLT spent the week 
beginning August 1 at Hawthorne 
for conferences regarding specifica- 
tions for sheet metals, standardiza- 
tion of screw threads and standardi- 
zation of metal finishes. 


Н. S. ӛмітн is now at Hawthorne 
in connection with the development 
of a special cord for use with dial 
telephones. 


B. FRIELE was in Utica, New York, 
August II in connection with modih- 
cation of frames and covers for step- 
by-step switches. 


* * ж ж 


W. А. Воур, Н. Е. KoRTHEUER 
and К. M. Moopy recently attended 
Inspection Survey Conferences at 
Hawthorne. Similar conferences at 
Kearny were attended by H. F. Kor- 
theuer and T. Mellors. 


E. Е. HELBING went to Spring- 
field, Ohio, in connection with new 
gasoline equipment for type “T” en- 
gines made by the Foos Gas Engine 
Company. During the latter part of 
July he visited the factory of the 
Midwest Air Filters, Incorporated, 
at Bradford, Pennsylvania, to inspect 
equipment used in testing air-filter 
units. 


DURING the second week in July, 
P. В. ALMQvisT, Local Field Engi- 
neer for the Inspection Department 
at San Francisco, was in Portland 
and Seattle in connection with field 
work in his territory. 


* * * * 


С. Н. AMADON was in Brookline, 
Massachusetts, during August for 
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some timber preservation experiments. 


ON JULY 29, E. St. John witnessed 
impact tests on steel manhole covers 
at the factory of the Central Iron 
and Steel Company in Harrisburg, 
Pennsylvania. 


E. M. Honan and J. B. Dixon 
visited the American Brass Com- 
pany’s plant at Ansonia, Connecticut, 
on July 26 and 27. 


* * ak * 


J. L. Dow, E. H. SMITH and D. 
H. WETHERELL attended the cutover 
of the new step-by-step machine- 
switching office at Springfield, Mas- 
sachusetts. This is the first such 
office entirely of Western Electric 
manufacture. 


MODIFICATIONS in picture-trans- 
mission equipment are being tested 
by C. E. White and E. P. Bancroft 
at Chicago and San Francisco, re- 
spectively. 


R. H. MILLER visited Albany, Buf- 
falo, Syracuse and a number of other 
cities in connection with methods of 
toll operation. 


H. H. SPENCER spent several days 
at Manchester, New Hampshire, 
testing telegraph  ground-potential 
compensators. 


А. К. Kemp and C. L. HipPEN- 
STEEL were at Providence, Rhode Is- 
land, August 9 to 12, to inspect the 
rubber compression testing machine 
which is being built for the Labora- 
tories by the Henry L. Scott Testing 
Machine Company. 


Н. BoviNG returned to the Labo- 
ratories on August 15 after spending 
three weeks at Hawthorne on the de- 
velopment of enameled wire. 


К. M. Burns left for the Pacific 
Coast on August 12, where he is to 
spend two months visiting Seattle, 
San Francisco and Los Angeles inves- 
tigating cable sheath corrosion and 
examining samples that were set in 
the field last year. 


R. E. WATERMAN went to Boston 
August 11 to visit Montan, Incorpo- 
rated, in connection with some wood 
preservation tests. 


Н. A. LARLEE and W. С. BREI- 
VOGEL recently returned from Haw- 
thorne, where they had been working 
on problems of manufacture of tele- 
phone sets. 


F. F. FARNSWORTH recently re- 
turned from a two weeks’ stay at 
Hawthorne, spent principally in work 
on simplification of metal finish prac- 
tice. 
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Club Notes 


HE 1927-28 bowling season 

will open on Friday evening, 

September зо, at Dwyer's 
Manhattan Alleys, 1680 Broadway, 
the same place which was used for 
the 1926-27 tournament. The league 
will be divided into three separate 
groups; a fourth will be organized if 
demand is great enough; placement 
of the men in the individual groups 
will be based on their average for the 
previous season. For the past four 
or five years the league has been com- 
posed of twenty-four teams, but now 
the number of men desiring to bowl 
as regulars is increasing. It will be 
possible to engage twenty-eight alleys 
instead of the usual twenty-four if 
enough men are interested, and so it 
is hoped that those who have not yet 
filled out their application blanks will 
do so at once to enable the commit- 
tee to complete their arrangements. 
Those who have not received blanks 
should call G. A. Brown on Extension 
881. 

А new feature in the contract for 
this season is free instruction to 
league members given by a prominent 
bowler of national reputation, be- 
tween the hours of noon and 2 P. M. 
from Monday to Friday. А commit- 
tee will be appointed to arrange in 
advance for this instruction, and to 
decide on the hour and day for our 


league members. А bowler receiving 
instructions will be charged the regu- 
lar bowling fee of twenty-five cents a 
game. 

This year a gold medal will be 
given to the bowler making the high 
score rolled in each group, instead of 
one medal for the high score in the 
three leagues. 

Success of the league depends 
greatly on the number of substitutes 
available. Each week some of our 
regulars are missing and their places 
filled by men who like to bowl occa- 
sionally. It is therefore the desire of 
the committee to have these men sub- 
mit their names as part-time bowlers. 
No previous experience is necessary ; 
our system of handicapping covers 
everyone who is desirous of bowling 
whether his average is one hundred 
or two hundred. 

Bowling officers for the 1927-28 
season are as follows: 

A. F. Gilson, General Chairman. 
С. A. Brown, General Secretary- "Treasurer. 
F. H. Graham, Chairman Group “ 


G. B. Small, Secretary-Treasurer Group “A.” 
A, С. Eckerson, Chairman Group “B.” 


B. Leuvelink, Secretary-Treasurer Group "B." 


E. К. Smith, Chairman Group “С.” 
W. Н. Berthold, Secretary-Treasurer Group “С.” 


GOLF 
The Fall Golf Tournament, con- 


sisting of two rounds of medal play, 
will be held on two Saturdays in Sep- 
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tember at the Salisbury Country 
Club, Garden City, Long Island. On 
September 17 twenty-eight golfers 
will qualify for the finals, which will 
be played on September 24. Those 
qualifying will 
be divided into 
two classes, the 
twelve players 
with low gross 
scores in Class A 
and the remain- 
der in Class B. 
In the qualify- 
ing round prizes 
will be given for 
the two best gross 
scores and for the two best net scores. 
Prizes in the finals will be awarded to 
players having the best gross score 
and the three best net scores in each 
Class. Entry blanks must be filed 
with D. D. Haggerty, Room 164, not 
later than September то, accom- 
panied by an entry fee of two dollars. 
The golf committee has just com- 
pleted the revision of the Club handi- 
caps which may be had by calling at 
Room 164. | 


Music 


The Club orchestra will resume its 
dctivities on 

/ Tuesday evening, 

J September 27. 
The orchestra 
has made steady 
progress since 
its organization 
three years ago, 
and plans are un- 
4. der way to make 
the fourth season 
the best ever. The committee in 
charge of music is now considering 
employment of a paid director for 
the activities of the music group. А 


hearty welcome will be extended this 
year to all new members. If you are 
planning to attend the rehearsals for 
the 1927-28 season, kindly communi- 
cate at once with the business man- 
ager, W. A. Krueger, Room 81, ex- 
tension 798. 


DANCE 
The first dance of the fall and win- 


ter season will be held Friday eve- 
ning, October 7, on the roof of the 
Hotel McAlpin. The music will be 
furnished by Deacon Johnson and his 
entertainers, formerly of the Hotel 
Astor and the Bellevue Stratford. 

Attendance has been limited to five 
hundred by the management of the 
Hotel McAlpin, so it is advisable to 
purchase tickets at once. Admission 
will be $1.10 each, including tax. No 
tickets will be sold at the door. D. R. 
McCormack will manage all of our 
dances and entertainments for the 
1928 season. 


HIKING 


This month there will be two hikes 
and two campfire suppers. September 
10, the trail leads through Westches- 
ter County from Heathcote to Nep- 
perhan, about eight miles, with Phyl- 
lis Barton as leader and hostess. 
Those who are going should notify 
her. The group will leave the en- 
trance to the new building at 12:30, 
and the expense will be about a dol- 
lar. The other hike will be from 
Arden to Tuxedo, a distance of about 
fifteen miles. [t will take place on 
Sunday, September 18, and will be 
led by T. Temple. Miss Barton 
would like to hear not later than the 
previous Friday from those who in- 
tend to go. The train leaves the Erie 
station in Jersey City at 9:00; a ten- 
ride ticket will be bought for the 
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group. Total expense, about $2.25. 

Two campfire suppers will be held 
on the Jersey shore, at Englewood, 
on September 15 with Miss Barton 
as hostess and along the river on Sep- 
tember 27, when Miss Brisbane will 
be hostess. To enjoy either evening 
meet at the entrance to the new build- 
ing at 5:10 and bring along sixty 
cents. 


ATHLETICS FOR WOMEN 


Swimming. Although seashore апа 
lake swimming are most to be desired 
we certainly have a good time in the 
pools during the fall and winter 
months. This year there are to be 
two classes for the women at the Car- 
roll Club pool, one on Monday eve- 
nings from seven o'clock to seven- 
thirty, and the other a continuation 
of the spring class оп Wednesday 
from five-thirty to six. Both of these 
classes will run through a ten-week 
period; at the end of that time a new 
class will be formed for those who 
wish to continue the instruction. The 
cost will be $2.50 for eight lessons. 

Basket Ball. While we are plan- 
ning a swimming class for Monday 
nights, this should not in any way in- 
terfere with the Basket Ball games 
which will also be held on Monday 


nights. This season we are planning 
to play at the Manhattan Trade 
School Gymnasium, which is larger 
than our court last year. We hope 
that all members of last year's team 
will come out and many more. Our 
plans for the season are not com- 
pleted as yet, but we hope to have 
plenty of good snappy practice work 
up to the first of the year and after 
that to have games scheduled for al- 
most every week to the end of the 
season. We want everyone interested 
to sign up because we will need the 
best players we can get to represent 
the Club in both the Modified Girls 
Rules and the Boys' Rules teams and 
to do this we will want those who are 
just starting to play the game as well 
as those with experience. The best 
player makes the team. Come out 
and try for it. 

We will also appreciate information 
regarding any outside girls’ teams in 
order to make up our schedule. It 
you know of one let Marie Boman 
know, so that she can get in touch 
with the manager. 

Riding. We still have some tickets 
available for riding at Unity Riding 
Academy. These are one dollar and 
a quarter for one hour's riding. It 
you would like to try the horses see 
Marion Gilmartin for tickets. 


ЫЕЕЕ 


илл С ас 


С BELL 
LABORATORIES 


E 


к 


HEARING AIDS 
AND DEAFNESS 
By H. Fletcher 

өс 


€ 
THE POLARITY OF 
LEARNING 
By J. S. Hartnett 
9c 


SHORT-WAVE 


OSCILLATORS 
By C. R. Englund 


Bell Laboratorics 
Record 


4 Monthly Magazine of Information for Members of 
BELL TELEPHONE LABORATORIES INCORPORATED 


Edited by the Bureau of Publication: 
PauL B. FINDLEY Managing Editor 


Board of Editorial Advisors: 
С. D. Epwarps, О. M. GruxT, В. V. L. HARTLEY, 
J. S. Hartnett, E. J. Јонмѕом, Н. Н. Lowry, 
J. С. R. PALMER, A. Е. WEBER 


Printed, not published, фу 
BELL TELEPHONE LABORATORIES, INCORPORATED 
463 West Street, New York, N. Y. 


Printed in U. S. A. 


Ме Жет Google 


CUM? СУУ” CO M 99? € My y^? Сч My y»? Cy y? СМУ? eM? eB? NNW 


— 


-— t 


" "E" 
у 1 awd? - СҮ 


Bell Laboratories Жесоға 


Volume Five 


OCTOBER, 1927 


Number Two 


Hearing Aids and Deatness 


By HARVEY FLETCHER 


Research Department 


HOSE of us who are associ- 
| ated with the telephone busi- 
ness are frequently asked 
questions regarding the value of hear- 
ing aids, sometimes miscalled "deaf 
sets." There is a natural feeling that 
telephone people should know some- 
thing about hearing aids because they 
are essentially miniature telephone 
systems. 

This feeling is strengthened by the 
knowledge that our Laboratories, as 
part of the research work which it 
carries on for the American Tele- 
phone and Telegraph Company, 
studies every phase of hearing, that 
it investigates such matters as articu- 
lation, the relative importance of 
vowels and consonants in speech in- 
terpretation, the influence of loud- 
ness, and the characteristics of the 
ear as an organ of hearing. 

These studies are finding numerous 
applications in the design of tele- 
phone apparatus and have also made 
possible the development by Bell 
Telephone Laboratories of certain 
hearing aids. These developments 
are made available to the public 


through manufacture by the Western 
Electric Company under the name 
"Audiphone," and are distributed by 
the Graybar Electric Company. When 
selected with respect to the individu- 
al's impairment of hearing and needs 
these aids give valuable assistance. 
Loss of hearing is not a simple 
matter, not even one that varies in 
quantity only, but an extremely vary- 
ing phenomenon that takes many 
forms. It is comparatively easy to 
make a hearing aid that is merely a 
sound amplifier, which to many might 
seem sufficient, but to make one that 
will aid the greatest number of deaf- 
ened people to understand the largest 
percentage of spoken words requires 
a knowledge that can be obtained 
only from extensive studies of hear- 
ing and can be applied successfully 
only by those widely experienced in 
the art of electrical communication. 
There is a level of loudness above 
which sounds begin to affect the sense 
not of hearing but of touch, causing 
a sensation of tickling in the ears 
which very soon becomes painful. 
This represents the upper limit of 
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hearing and is called the “threshold 
of sensation" since feeling then be- 
gins. [t is useless to amplify sounds 
above this point, for were this done 
the sounds would produce pain and 
not hearing. At the other extreme 


LOUDNESS- SENSATION UNITS 


64 126 256 Sie ю124 20 


FREQUENCY 


Figure 1—The two thresholds of a normal ear 


there is a level of minimum loudness, 
referred to as the “threshold of audi- 
bility.” Below this level sounds аге 
not sensed at all. АП speech must 
fall between these two limits. 

Loudness is conveniently measured 
in “‘sensation units” and from the 
threshold of audibility for normal 
ears to that of sensation is a range of 
about I10 sensation units. 

The situation is complicated by the 
fact that this range of audibility is 
not the same for all pitches. It is less 
for sounds both very low and very 
high in vibration frequency. If the 
threshold of audibility is plotted as a 
horizontal line with increasing fre- 
quencies marked along to the right, 
the threshold of feeling would be 
plotted as shown in Figure 1 which 
gives the average values for normal 
ears. The entire auditory sensation 
area which this line encloses normally 
,covers a frequency range from about 
twenty to twenty thousand cycles per 
second, corresponding to a range 
from about three and one half oc- 


taves below to something more than 
six octaves above the note of "middle 
C." It rises to a peak of nearly 140 
sensation units in the neighborhood 
of a thousand cycles, that is for a 
sound about two octaves above mid- 
dle C. 

Deafness in any 
form cuts down this 
area but it may do so 
in a large number of 
ways. Ihe threshold 
of feeling is about the 
same for all people 
whether deaf or not. 
The effect of deafness 
is to raise or modify 
in some manner the 
threshold of audibil- 
ity. That base line 
may be bodily raised so that the area 
maintains its same general shape but 
with higher values; or it may be both 
raised and bent so that the maximum 
value is moved toward the lower or 
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The 6332-4 Audiphone as demonstrated 


by B. A. Clarke. A two-stage amplifier 
with batteries occupies the box in the fore- 
ground 
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the higher end of the frequency range. 

Sounds of speech as they are nor- 
mally pronounced differ in loudness. 
That of "aw" is the loudest of them 
all, and the sound of ''th," as in 
"thin," is one of the weakest. [п 
general, vowels are loud and con- 
scnants are weak; and the difference 
between them may be as much as 
thirty sensation units. The auditory 
area must, therefore, be at least 
thirty sensation units wide if all vow- 
els and consonants are to fall 
within it. When it is nar- 
rower than this, no hearing 
aid can be of much assistance 
as the auditory area could not 
then include all spoken sounds. 
If the weak consonant sounds 
are amplified so that they fall 
within it, the louder vowel 
sounds would at the same 
time be raised above the 
threshold of feeling and be- 
come unendurable, while if the 
vowels were kept satisfactorily low 
the consonants would be inaudible. 
An improperly designed hearing aid 
might actually raise the vowel sounds 
more than the consonants, which 
would have the effect of aggravating 
this situation. 

Due to the fact that partial loss 
of hearing means a modification of 
the auditory area in a different man- 
ner for each individual, it might seem 
that a perfect set would be one de- 
signed especially for each case. Prac- 
tically, however, this would make the 
sets so expensive that they would be 
beyond the reach of most of those 
who need them. Fortunately such an 
extreme is not essential for with suf- 
ficient knowledge of the circuits that 
are used so generally in telephone 
work, one can make a standard set 
approaching the desired perfection. 


Noise, however, is a factor which 
forcibly enters any hearing problem. 
Obviously amplifying speech sounds 
amplifies noises also. Improper de- 
sign might even cause a set to amplify 
slight noises more than ordinary 
sounds and thus to be inexcusably 
noisy. Noise also limits the range of 
a hearing aid. The greater the dis- 
tance between a speaker and the hear- 
ing aid of a listener the greater will 
be the effective amount of noise which 


The 6034-4 Audiphone requires no vacuum tubes. 
In the case are the transmitter and batteries 


the set will pick up and so the poorer 
will be the result. A considerable ex- 
perience leads to the conclusion that 
no set should be expected to operate 
very satisfactorily when the speaker 
is more than ten feet away. To com- 
pare hearing aids on the basis pri- 
marily of the distance at which they 
will function, as has sometimes been 
done, amounts to rating them only on 
a basis of amplification which is only 
one of several factors that affects 
their usefulness. 

If a person of defective hearing 15 
to select intelligently a set which will 
be best suited to him, he must have 
some simple method of comparison. 
There are so many types on the mar- 
ket that a selection without some de- 
finite criterion is generally a matter 
of very considerable difficulty. 

Realizing this, our engineers 
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adapted methods for articulation test- 
ing and devised a method of com- 
parison for all types of hearing aids. 
This was presented before the annual 
meeting of the American Federation 
of Leagues for the Hard of Hearing 
at their annual convention during the 
last week in June and was enthusi- 
astically received. 

Most of the large cities of the 
country have societies for the hard 
of hearing. At their various head- 
quarters they ordinarily keep sample 
sets of the many types of hearing 
aids. Their members may then try 
the different ones in an effort to find 
something suitable. The selection is 
left to the user's judgment with no 
very good criterion to guide his deci- 
sion. In the proposed method, how- 
ever, his judgment is eliminated. 
Tests are made which indicate accu- 


rately the ability of the hearing aid 
to assist in the interpretation of 
speech. Also tests can be made which 
will indicate whether or not any type 
of hearing aid will be of real service. 

In brief the test consists in deter- 
mining the percentage of vowel and 
consonant sounds which may be in- 
terpreted correctly. Simple words, 
carefully chosen for the purpose, are 
pronounced very slowly, either with 
the hearing aid or directly with the 
ear. Such words as bat, bait, bet, bit, 
and bite are used which differ only in 
their vowel sound, or such as die, fie, 
guy, incorporating changes in their 
consonants. А list of one hundred 
suitable words has been made up 
composed of fifty monosyllables 
which differ only in their vowel 
sounds, and fifty differing only in 
their principal consonants. 


VOWEL LIST 

bat bait bet beat bit 
bite but bought boat book 
boot bout bat bait bet 
beat bit bite but bought 
boat book boot bout back 
bake back beak bit bite 
buck balk boat book boot 
bout back bake beck beak 
bit bike buck balk boat 
book boot bout bake bike 

CONSONANT LIST 
bv which die fie guy 
high wick lie my nigh 
wing pie wry sigh shy 
thy thigh tie vie why 
wiz by which die fie 
wig high wick will whim 
win wing pie wry sigh 
shv thv thigh tie vie 
why wiz whiff whip sigh 
wish with thigh wit vie 


List of words used in testing the relative efficiency of hearing aids 


{36 


} 


This list is shown in the illustra- 
tion. As only twelve vowel and twen- 
ty-one consonant sounds are used it is 
evident that there would have to be 
many repetitions of the same sound. 
The recommended procedure is to 
write each of the hundred words on a 
separate card. These 
may then be shuffled 
before each test so 
that the order in 
which they are given 
will be different each 


time, thereby elimi- CE E Mte ii 


nating any possibility 
of memory effecting 
the result. The words 
should be pronounced 
in a natural voice and 
at a fixed distance, 
preferably about three feet, from the 
hearing aid. Effort should be made 
to keep the speech volume constant. 
The rate of pronouncing them should 
be determined by the time required 
to write one word before the next 
one is pronounced. 

A round total of fifty words each 
for the vowel and consonant lists was 
chosen so that the percentage heard 
correctly could readily be computed. 
In determining the vowel percentage 
only the vowel part of the word is 
considered. If ‘bat’ were pronounced 
and 'pat' recorded it would be rated 
correct since the vowel was correct. 
Similarly when considering conso- 
nants only the consonant part of the 
word is used for rating. Were "hay" 
recorded where “high” had been pro- 
nounced it would be marked correct 
as the significant consonant is the let- 
ter ‘h.’ 

A merit figure, expressing for any 
individual the value to him of any 


particular hearing aid, is obtained 
by multiplying the percentage of 
vowel sounds he hears correctly by 
the percentage of correct consonant 
sounds and again by the percentage 
of correct consonant sounds. If 94% 
of the vowels had been right and 
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The 6033-B Audiophone is similar to the 6034-4, but the 


transmitter 1s hung on the coat-lapel and batteries аге 


carried in the pocket 


72% of the consonants the combined 
grade would be 49%. (.94 X .72 X 
.72 == .49). Consonants contribute 
more to intelligibility than do vowels 
which makes it necessary to give them 
more weight inthe final rating. Much 
experimenting has been done to de- 
termine just how much more im- 
portant the consonants are. The ex- 
pression finally derived for the ratio 
is somewhat complicated, but is very 
closely approximated by using their 
percentage twice in the total product 
as was done above. 

In the final selection of the hearing 
aid, two considerations must enter: 
first the ability of the set to aid in 
the interpretation of speech, and sec- 
ond its convenience as determined by 
such matters as its size, weight and 
ease of maintenance. Although the 
proposed method will give a definite 
measure of the first, the second can 
be judged only by the person who is 
actually using the set. 
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Church of the Sorbonne, University of Paris; one of the oldest of the University 
buildings 


The Polarity of Learning 


By J. S. HARTNETT 


General Service Manager 


a San Franciscan meets a man 
from Montreal. The camarad- 
erie of shipboard leads to the find- 
ing that both have friends in Texas 
—the same friends. According to 
those who would classify our plati- 
tudes, here is merely another occa- 
sion for the repetition of that banal 
remark, “What a small place the 
world is, after all." 
But a trite expression may clothe 
a glamourous thought.  Relatively, 
the world is a small place. Recast 
this little scene; make its setting any 
спе of our laboratories or any corri- 
dor of our building, and its time any 
day. Across our stage the Briton 
from South Africa walks regularly 
with the Dakotan, and the Carolinian 
rubs shoulders with the Dane. Their 
training in science, arts and law hav- 
ing brought these men together, we 
may in phrasing not entirely fanciful 
entitle our scene as I have entitled 
this article. For we are strikingly an 
organization drawn from world-wide 
places of learning and engaged re- 
versely in pursuits which are even- 
tually a reaching-out to the ends of 
the earth, making it aurally ever 
smaller, oblivious to distance. And 
thus in a sense even to effects of the 
planets—does not New York this 
morning give ear to London's voice 
of this afternoon? 
The personnel records of our or- 
ganization outline well this tale of 
men and places. Reduced to a card 


| М the lounge of an Atlantic liner, 


form for each member of our staff 
and filed tightly in a cabinet drawer, 
they have all the dull aspect of their 
kind. None the less, they give imagi- 
nation wing. Taking from these 
cards the colleges and universities 
from which our personnel is derived, 
we have indirectly the chapter-head- 
ings for a Baedeker or the sub-titles 
for a travelogue—and history galore. 

Seeing America first, there are rep- 
resented more than one hundred and 
fifty institutions of higher learning. 
Think of the name of almost any one 
of our States and then of any several 
others, either at random or in all of 
their possible alliterative cadence, and 
you will find in our ranks graduates 
from one or more colleges within the 
borders of each. “Believe it or not,” 
a cartoonist says and then proceeds 
to add place or date to his pictures 
of striking facts. Appending my 
statements with similar data, incredu- 
lity becomes much less the alterna- 
tive. Тһе evidence 15 at our elbows 
in person. 

"Way down East, for instance, in 
Maine are Bowdoin, Bates, Colby 
and the State University. In terms of 
a graduate respectively from each*, 
we have E. S. Pennell, L. B. Hilton, 
W. L. Dodge and S. H. Willard. Of 
these institutions the earliest in in- 
ception is Bowdoin. Deferred by the 
failure of John Hancock as Governor 


* Graduates mentioned are either the earliest 
or the most recent to become members of the 
technical staff of the Laboratories. 
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Administration Building, University of. Kentucky 


of Massachusetts, of which common- 
wealth Maine was then a district, to 
put his name to the covering act, its 
charter was eventually granted in 
1794 and the college named for 
James Bowdoin, a former governor. 
Thirty years later it graduated 
Franklin Pierce, fourteenth President 
of the United States. In the follow- 
ing year, 1825, Hawthorne and 
Longfellow emerged from its doors, 
and in '77 the Peary who was to 
reach the Pole. 

From across the continent, the 
University of California has repre- 
sentatives in M. B. Kerr and W. B. 
Warren. Thence also come W. B. 
Snow and B. R. Cole, graduates of 
the institution. which Leland Stan- 
ford, capitalist, governor and sena- 
tor, caused to be reared in the Santa 
Clara Valley in memory of his son. 
Stanford the elder dreamed magni- 
ficently. Today the university which 


he founded has enrollment of more 
than four thousand students and de 
Ballore, laureate of the Institut de 
France, gives it special mention in 
the Index Generalis as offering scien- 
tific training of the highest type. Oc- 
cidental College, set down in the pur- 
lieus of Los Angeles, gives us R. G. 
Watling; the California Institute of 
Technology, A. R. Kemp; and Po- 
mona, P. W. Stroud. 

Ohio, Oklahoma, Oregon – to con- 
sider again widely separated states. 
Twelve institutions, within the first 
of these states alone, have graduated 
various members of our staff. From 
the University of Oklahoma, under 
patronage younger in statehood, are 
E. B. Ferrell and J. R. Reeves, now 
assigned to our radio stations on the 
Jersey coast. Oregon’s University 
has alumni їп ЁК. E. Haworth and 
C. O. Wells, both of our Research 
Department. Mid-century, at Tuala- 
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tin Plains in this same state, Pacific 
University was founded, as were so 
many others, under clerical auspices; 
Н. С. Romig, Inspection Engineer- 
ing, is of its class of '21. And from 
the college in western Portland to 
which Simeon Reed and his wife, 
Massachusetts pioneers of 1854, left 
their name and fortune, we have R. 
M. Bozorth, Research also. 

So on to increasing numbers and to 
references even epic goes the story of 
our personnel and the American 
sources of its training. In the very 
listing of the latter ring the echoes of 
the nation’s history from its nascency. 
Institutions that bear names self-ex- 
plaining: George Washington, Wash- 
ington and Jefferson, Washington 
and Lee, Harvard, Yale, Cornell, 
John Marshall, Princeton, Gettys- 
burg, Lafayette; those that are 
known for their technological stand- 


ing: Massachusetts Institute, Chi- 
cago, Johns Hopkins, Stevens; found- 
ed by various sects: Notre Dame, 
Brigham Young, Trinity; the univer- 
sities of our various states; and 
marking our modern cities: Pittsburg, 
Cincinnati, New York—all of these 
and others are represented. An an- 
thology could be written but my space 
is in pages. There are yet other coun- 
tries. 

Northward, in the City of Saska- 
toon on the great plains of Canada, 
is the University of. Saskatchewan. 
New, in a newly developing country, 
it began in 1907 to raise its buildings 
of native stone. Oxford stretched 
hands across the sea and granted it 
affiliation. To the opening of its hall 
of chemistry in 1924 came Baly of 
Liverpool and Irvine of St. Andrew's 
to present a discussion of the for- 
mer's work in photosynthesis. Heri- 


Washington and. Lee University 
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tage it has; what may not vision do? 
On the staff of our Chemical Labo- 
ratory is E. J. Murphy, Saskatche- 
wan '18. 

Graduates of other and older Ca- 
nadian learning are with us: from 
Toronto, J. L. Hogg; from McGill 
in Montreal, T. P. Neville. Across 
in New Brunswick, Mount Allison 
University, founded in 1862 at Sack- 
ville near Chignecto Bay, brings M. 
H. Lindsay; New Brunswick itself, J. 
О. McNally. From Acadia Univer- 
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Qu'Appelle Hall, University of Saskatchewan, Saskatoon, 


Canada 


sity, at Wolfville in Evangeline's 
country, Nova Scotia contributes. 
Non-stop to France, to a univer- 
sity probably the oldest in the world: 
that of Paris. Vaguely set in the 


twelfth century, the date of its actual 
beginning remains unknown. А re- 
vival of interest in learning had come 
with the Crusades. The schools of 
the great cathedral towns were re- 
placing the monasteries as seats of 
culture. Paris had recognizably, as 
we say today, the advantage of cen- 
tral location. The fame of Abelard, 
its great scholar, had gone afar. Thus 
tendencies converged towards an 
event and the year 1200 records the 
first chartering of the Paris Univer- 
sity by royal grant of 
Philippe-Auguste. Rel- 
atively soon, questions 
of jurisdiction came up 
for hearing. А stu- 
dent foray, so ageless 
is instinct, had re- 
sulted in harm to the 
keeper of an inn. Lec- 
tures were suspended 
for two years. Then 
by papal bull of Greg- 
ory IX were estab- 
lished the controlling 
rights of the masters, 
some of which are 
even today in practice. 
Centuries later, the 
storm of the French 
Revolution checked 
the university's growth 
until on France and its 
institutions Napoleon 
laid reorganizing 
hand. Old though it 
is, the university is yet 
new enough to include 
in its curricula courses in radio-activ- 
ity, aviation and optics. L. A. Le- 
Baut of our Physical Laboratory 
comes from it. 

In our Patent Department, A. J. 
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Michel comes from another French 
university : Nancy, in the town of that 
name on the Meurthe. To Stanislas 
Leszczynski, dethroned as King of 
Poland in 1735 and appeased with 
the Duchies of Lorraine and 
Bar, the university owes much 
of its development and the 
town its beauty. The former 
dates its inception but four 
centuries after Paris. Its fac- 
ulties had at first covered only 
theology and the arts. In 
1582 law was added and 
later, letters and science. 
From Charles the Bold to von 
Hindenburg, wars of attrition 
have swept around Nancy. 
Yet in 1926 its university was 
providing tuition to more 
than two thousand students. 
Of like early origin is the 
present-day University of 
Grenoble. Grenoble lies to 
the southeast of France, in a 
center noted for its develop- 
ment in hydro-electric engi- 
neering. Scenically its site is 
superb: to the north are the 
mountains of the Grande 
Chartreuse and within sight 
to the east, the Maritime 
Alps; through it runs the 
Isere. Significant of Gre- 
noble's history, a series of for- 
tresses rise high above the town. 
Strange admixture of his time, war- 
rior and scholar, Francis I gave it 
impetus as a place of learning. А 
member of our Systems Development 
Department, R. A. Leconte, holds 
the university's degree of Е.Е, 
Elsewhere, too, in these earlier cen- 
turies, learning was beginning to stir. 
Continental upheavals were felt in 
England, despite the protecting seas. 
As in France, the mid-Crusades saw 
the first lighting of the torch. Before 


the flare was dimmed, Oxford and 
Cambridge had birth. 

It was the nineteenth century, how- 
ever, that marked the spread of the 
university college through the British 


Students Hostel, University of the Witwatersrand, 


Johannesburg, South A frica 


Isles. Industrial development to the 
north, bringing population in its wake, 
made Oxford and Cambridge remote. 
So arose, under the sagacious if staid 
Victoria, the Universities of Liver- 
pool, Manchester, Durham. At New- 
castle-upon- Tyne, Armstrong College, 
a constituent of Durham, typifies this 
expansion. Brought into being in 
1871 through the efforts of the North 
of England Institute of Mining and 
Mechanical Engineers, its first quar- 
ters were an upper floor in the Coal 
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Trinity Court and Gate, Cambridge University, Cambridge, England 


Trade offices. In buildings covering 
city squares, widely technical training 
is now afforded. Its president is Grey 
of Fallodon. Armstrong graduated 
F. C. Willis, Apparatus Develop- 
ment; Manchester, the Wilsons, W. 
and К.Н. At Oxford R. V. L. Hart- 
ley was a Rhodes Scholar coming 
from the University of Utah; L. E. 
Krohn, Research also, is from the 
University of London. From the Na- 
tional University of Ireland, consti- 
tuted of Dublin College and Queen's 
at Cork and Galway, we have J. С. 
Mclvor, Systems Development. 
Across the North Sea to Delft in 
the Netherlands, around the Skager- 
rak and Kattegat to Copenhagen on 
the island of Zeeland, to Lund and 
Boras in Sweden, to Christiania now- 
adays Oslo—the technical institutes 


of all of these places are represented 
in our present personnel, although the 
beginnings of the institutions them- 
selves are in instances dim in saga. 
So down the face of Europe to the 
ancient port of Genoa, claimant of 
Columbus—from a college of its uni- 
versity comes F. A. Bonomi, Manual 
Switching. 

Thence to Asia Minor, the country 
east of the Aegean. In the military 
organization of the East Roman Em- 
pire, Anatolia was the name given to 
one of the three themes or provinces 
of Phrygia. Times much later, it sig- 
nified a division of the Empire of 
the Turks. The currents of history 
back-wash strangely. Under a Mas- 
sachusetts charter, the American 
Board of Foreign Missions estab- 
lished in 1886 at Marsovan, Turkey, 
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an institution to provide in that land 
advancement in learning—in name 
Anatolia College. The college fol- 
lowed naturally its American proto- 
types, drawing its faculty in part 
from Princeton, Williams, Iowa and 
Middlebury. Even this college is rep- 
resented among us: by G. H. Paelian. 
An area turbulent for centuries, Ana- 
tolia is not yet quiet. With the World 
War came the closing of the college. 
It remains closed. The Turkish Re- 
public is very young. 

South Africa, to most of us, seems 
as far off as Cathay. About its uni- 
versity colleges we may not even have 
wondered. Yet there are among 
others those of Cape Town, Rhodes, 
Stellenbosch and the Witwatersrand. 
Outgrowth of the Kimberly Techni- 
cal Institute and the South African 
School of Mines, the University of 


the Witwatersrand is located in Jo- 
hannesburg, on a ridge a mile above 
the sea. Previously under Boer rule, 
Johannesburg was the center of the 
Uitlander agitation. which marked 
the turn of the century and ended in 
the Transvaal War and occupation 
by the colonizing British. Thus does 
learning always expand with empire 
and the finding of rich fields of ore. 
It is a long route from the Trans- 
vaal to a building beside the Hudson. 
But we have on our chemical staff 
W. E. Campbell, Witwatersrand, ’23. 

In one of the more brilliant pas- 
sages of his classic treatise on the 
"Idea of a University," John Henry 
Newman inserts the terse conclusion: 
"It is a place to which a thousand 
schools make contribution." I bor- 
row the sentence to describe our 
Laboratories. 


A Compact Direct-Current Amplifier 


By H. C. CURL 
Apparatus Development Department 


OR some time there has been 
Е: to radio users an ат- 
plifier—the 6025-B— designed 
to form the last stage of a radio re- 
ceiving system and to draw its power 
from a source of sixty-cycle alternat- 
ing current. Only direct current is 
available in many parts of metropoli- 
tan areas, particularly in hotels and 
large apartment houses. Following 
the favorable reception given by the 
public to the 6025-B amplifier, the 
Laboratories took up the develop- 
ment of an amplifier of similar oper- 
ating characteristics which should 
draw its power from a 115-volt di- 
rect-current circuit. The result is the 
6031-A amplifier, now made by the 
Western Electric Company and sold 
by Graybar Electric Company. 
Direct-current power supply sim- 


The 6031-4 amplifier is enclosed in a perforated steel box 
and is provided with cords for connection to the radio 
receiver and to the electric-lighting circuit 


plified the design of this amplifier by 
removing the need for rectification, 
but at the same time it introduced a 
difficulty since it prevented the possi- 
bility of stepping up the available line 
voltage. It thereby restricted plate 
potential, and made it necessary for 
adequate power output to use a tube 
of low internal impedance. For that 
characteristic the 104-D tube was 
chosen; two of these tubes are used, 
connected in a push-pull circuit. 

Current for the filaments, which 
are in series, is drawn from the di- 
rect-current line, being held to the 
proper value by series resistances. 
This current is one ampere, and rep- 
resents power consumption of 115 
watts. Since most of this power is 
dissipated in the resistances, they are 
of heat-resisting construction and are 
mounted on a panel of 
heat-insulating materi- 
al. The box contain- 
ing the apparatus is of 
perforated metal to 
provide ventilation 
and so to aid in keep- 
ing the temperature at 
a safe value. 

It will be noted 
from the circuit. dia- 
gram that two of the 
series resistances Кї 
and R2 are connected 
at the positive side of 
the vacuum-tube fila- 
ments, and the other 
resistance R3 at the 


146) 


negative side. The drop in voltage 
in this resistance provides a negative 
grid potential of about fifteen volts 
for one tube and twenty volts for the 
other. There is a like difference be- 


tween the plate potentials of the 


The amplifier as here shown (without tubes) 15 coded as 


the 31-4 Amplifier 


tubes, due to the voltage drop in the 
filament of the second tube. These 
unequal voltages on the grsds and оп 
the plates of the two push-pull tubes 
introduce an unbalance in the oper- 
ating characteristics which could be 
avoided at the expense of some addi- 
tional apparatus. For the 104-D vac- 
uum tube, the value of grid voltage 
to give maximum power output is not 
so critical as it would be for a tube 
having a higher amplification factor, 
and the additional expense is not jus- 
tified. 

It has been pointed out that one of 
the limits of the output power ob- 
tainable from this amplifier is set by 
the plate potential available. This 
potential is not the full voltage of 
the power line, but is less than that 
value by the fall-of-potential across 
the resistance R3. Were negative 
bias on the grids to be secured from 
a “С” battery, the drop in R3 might 
have been added to the plate poten- 
tial with an appreciable gain in the 
load-carrying capacity of the ampli- 


fer. А battery, however, in such an 
amplifier was objectionable from the 
standpoint of space and design re- 
quirements; a more serious objection 
was the inappropriateness of using a 
battery in a piece of apparatus in- 
tended to end main- 
tenance and replace- 
ment cares. 
Available power 
sources yield currents 
which although fairly 
smooth are not en- 
tirely free from vol- 
tage variations due to 
commutator ripple 
and to various other 
causes. As far as the 
plate circuit is con- 
cerned, these fluctua- 
tions are unimportant; acting in op- 
posite directions through the primary 
winding of the output coil, they do 
not affect the secondary winding. A 
small amount of filtering is required 
for the filament and grid circuits; it 
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Circuit of the 6031-4 amplifier 


is provided by the retardation coil in 
the filament circuit and the resistance- 
and-condenser combination in the 
grid circuit. 

The load-carrying capacity of the 
6031-A amplifier is approximately 
thirteen transmission units above 
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zero level.* While this is about seven 
transmission units less than the load- 
carrying capacity of the 6025-B am- 
plifier, it furnishes sufficient volume 
without appreciable distortion for the 
average living room when used in 
connection with a 540-AW loud- 
speaker. The amplification of the 
6031-A amplifier is about twenty-five 
transmission units under usual oper- 
ating conditions. This is about five 
transmission units less than the am- 
plification of the 6025-B amplifier. 
Considering, however, the difference 
in output capacity, it will be seen that 
at full load each amplifier requires 
about the same input level. The 


— *Zero level has been assumed as .006 watt. 


6031-A amplifier, like the 602 5-B, is 
designed to be operated from a radio 
receiver having one stage of audio- 
frequency amplification after the de- 
tector. No volume-control is pro- 
vided, as this adjustment can readily 
be made in the radio-receiver circuit. 

One point which might be forgot- 
ten when using this amplifier is that 
the attachment plug must be con- 
nected to the house lighting circuit 
with the proper polarity. If the neg- 
ative side of the house lighting cir- 
cuit is connected to the positive power 
terminal of the amplifier, the tubes 
will light but nothing will be heard in 
the output of the amplifier, since the 
plates will be negative to the filament. 
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Characteristic performance-curve of the 6031-4 amplifier 
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A Practical Short- Wave Oscillator 


By C. R. ENGLUND 


Research. Department e 


HORT waves, by which is 
с, meant waves under one hun- 

dred meters and corresponding 
to frequencies of over three million 
cycles per second, have been attract- 
ing more and more interest and at- 
tention during re- 
cent years. ‘The 
time seemed op- 
portune, there- 
fore, for an in- 
vestigation of 
the short-wave- 
length limit of 
vacuum - tube os- 
cillators, the only 
known genera- 
tors of continuous trains of such 
waves. As considerable work had al- 
ready been done by others the pur- 
pose here was to pick up and carry 
on the threads of past researches 
with the hope of more definitely 
settling the question. During the past 
year, therefore, work has been car- 
ried on which has not only attained 
its objectives by determining the limi- 
tations of vacuum-tube oscillators, 
but has actually demonstrated the 
sending and receiving of waves of 
three and one-half to four meters 
over distances of one mile. 

In the production of very high fre- 
quency oscillations two distinct difh- 
culties arise. These may perhaps be 
better appreciated by a consideration 
of a mechanical analogy. Picture for 
example a short section of a roller 
coaster such as is shown in Figure 1. 


Figure 1 


The car C starting from the point A 
would roll down the slope pulled by 
gravity and then due to momentum it 
had acquired would rise up the oppo- 
site slope toward B. Because of the 
frictional losses of the car, how- 
ever, it would not 
quite reach B. 
But let us assume 
that some means 
has been found 
to give itthe push 
needed to bring 
the car up to the 
level from which 
it started. With 
only this slight 
periodical addition of energy the car 
will now oscillate back and forth 1п- 
definitely. This push applied at the 
proper time corresponds to the action 
of the vacuum tube oscillator in an 
electrical circuit. 

The time for one complete oscilla- 
tion of the ordinary roller coaster 
would be relatively long. To shorten 
it the track would have to be made 
steeper and shorter. In doing this, 
however, the point is soon reached 
when it becomes impossible to make 
the track shorter and have room for 
any sort of car. In other words, 
there is a certain, but more or less 
indefinite, limit below which the time 
of oscillation can not be shortened. 
The limitation in this case is due to 
the fixed value of the gravitational 
constant "g" which directly deter- 
mines the acceleration of the car 
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Figures show its development 


The metamorphosis of the short-wave oscillator. 


vo sets of electrodes 
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-pull outfit to a single tube with t 


from a two-tube push 


down the slope, and to the size re- 
strictions, structural features if you 
will, of materials and tools. 

Turning back now to the radio 
waves, similar factors also limit the 
rapidity of oscillations. ‘These аге 
the size of the equipment used to ob- 
tain the oscillations—in particular 
the magnitude of the inductance and 
capacity. For as the car of the roller 
coaster coasts down one side of the 
slope and up the other, so the energy 
of the electric current oscillates back 
and forth from inductance to capa- 


Transmitter 


city in its resonant circuit. The 
smaller the inductance and capacity, 
the more rapid will be the oscilla- 
tions. Here lies the difficulty, how- 
ever, for capacities and inductances 


can not be reduced indefinitely. Just 
a straight piece of wire has an in- 
ductance—small but of appreciable 
amount, and between the tube elec- 
trodes there also exists a capacitance. 
Thus in the effort to get oscillations 
of greater and greater frequency the 


Receiver 


point is reached when the capacitance 
and inductance are reduced to merely 
that between the tube electrodes and 
in the necessary connecting leads. 

It was found that the shortest wave 
lengths could be obtained by using 
two tubes with a push-pull type of cir- 
cuit. The progress of the search for 
shorter and shorter waves is well in- 
dicated by the accompanying illustra- 
tions. Blazed on the one hand by sim- 
plification of the circuit and on the 
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other by shortening of the connec- 
tions, the trail led past the use of 
unbased tubes to the placing of two 
tube elements in one bulb. This ar- 
rangement finally obtained a wave of 
1.05 meters but the price was the loss 
of adjustment. Without this, prac- 
tical reception would be difficult, and 
to regain adjustability it was neces- 
sary to return to two meters. 

When an effort at heterodyne re- 
ception on this wave length was made, 
however, another serious difficulty 
developed. Two meters correspond 
to a frequency of 150,000,000 cycles. 
To get a one thousand cycle beat for 
heterodyne reception, a heterodyn- 
ing wave differing from this by only a 
thousand cycles is required. This 
means that the frequency of oscilla- 
tion must be held to one part in 150,- 
000, a degree of stability impossible 
to secure with the relatively simple 
circuits used. As the heterodyne fre- 


quency passed through the audible 
beat range only a hiss was heard. To 
be able to heterodyne the received 
wave satisfactorily without adding 
expensive circuit complications, it was 
necessary to go above three meters 
which was stepping back into the re- 
gion where a single tube was feasible. 

It was found possible to obtain a 
normal power output, with frequency 
control and without departing great- 
ly from standard vacuum tube con- 
struction, at 3.7 meters. This was a 
single-tube oscillator and was used, as 
the illustrations show, for radio trans- 
mission over short distances. With a 
double-tube connection and an im- 
proved design of tubes there is no 
doubt that this can be carried to three 
meters. This wave length corres- 
ponds to a frequency one hundred 
times greater than the normal radio 
broadcast band and may be taken as 
the present practical limit. 


WoO ORY 


The System’ s Newest Associated (company 


The New Jersey Bell Telephone Company, which begins 
its career October first, has been formed by combining the New 
Jersey properties of the New York Telephone Company and 
the Delaware and Atlantic Telegraph and Telephone Com- 
pany. It serves approximately $72,000 telephones. Chester 
1. Barnard is President with G. W. McRae, Vice-President 
and General Manager; Frankland Briggs, Vice-President and 
General Counsel; C. F. Brisbin, Vice-President in charge of 
Public Relations and Personnel; 5. С. Ormsbee, Secretary and 
Treasurer and Н. A. Trax, General Auditor. 

Tleadquarters of the new organization are at 1060 Broad 
Street, Newark, while a new twenty-story building to house 
the Company's administrative offices is under construction. 
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Sheet Insulating Materials 


Bv J. M. WILSON 


O terminate ten thousand 

telephone lines within con- 

venient reach of an operator 
has taxed the ingenuity of the design- 
ers of telephone apparatus. In the 
multiple of a "B" switchboard—a 
space five feet wide and two and a 
half feet high—are thirty-one thou- 
sand contacts, each insulated from the 
others. This achievement is possible 
only by the most judicious use of the 
space available; it has been accom- 
plished by making the jacks as com- 
pact as is commercially possible. In 
the development of this and other ap- 
paratus a careful study has been made 
of the sheet material which insulates 
the current-carrying parts. 

Of the properties of insulators, the 
most important in telephone work is 
electrical leakage across and through 
the material. This is in contrast to 
the requirements in power work, 
where dielectric strength is generally 
the determining factor and where the 
material must not sustain an arc 
should flash-over occur. The reason 
for this contrast is that telephone ap- 
paratus is operated at low voltages, 
and by relatively feeble currents 
whose loss through leakage must be 
reduced as far as possible. 

Broadly, an insulating material is 
one which does not conduct electric 
current. This, of course, is true only 
in the case of an ideal insulator. For 
telephone engineering, it is more ac- 
curate to consider an insulator as be- 
ing a very inefficient conductor but a 


conductor nevertheless. It follows 
that if we inquire as to the resistance 
of an insulating material, we are do- 
ing nothing more than determining 
whether or not the resistance is suf- 
ficiently high to prevent current leak- 
age of an objectionable amount. Fur- 
ther, we will find that this resistance 
is decidedly variable, depending 
largely on the atmospheric conditions 
to which the material has been ex- 
posed, not only at the time of the test 
but also during some hours preceding 
the test. 

The insulation resistance of all ma- 
terials drops rapidly during humid 
weather, in most cases to a small frac- 
tion of its original value when dry. 
Because of this only those materials 
which are least affected by humidity 
can be considered for application in 
telephone apparatus, where there arc 
In every circuit a great number of 
parallel leakage paths. 

The three insulating materials most 
widely used in sheet form for the con- 
struction of telephone apparatus are 
hard rubber, phenol fibre, and vulcan- 
ized fibre. Other materials such as 
mica, micanite and varnished fabric 
are used to some extent. 

Hard rubber, as everyone knows, is 
an excellent insulator. It can be made 
in various grades. Of these some are 
suitable for difficult machining opera- 
tions such as in the strip mountings 
for Jacks and lamp sockets; others 
are suitable for spring assembles, 
graphically known as *pileups." Hard 
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rubber is, however, not without some 
objectionable qualities. Spring assem- 
blies using insulators of hard rubber 
are difficult to keep tight, and re- 
peated tightening of the mounting 
screws avails but temporarily. Unless 
the clamping areas are relatively large, 
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Hard Rubber Mounting Strips for Jacks and Lamp Sockets 


so that the unit pressure on the in- 
sulators is low, the hard rubber grad- 
ually flows from under the clamping 
surfaces, resulting in loosening of the 
assembly. This yielding is commonly 
called “cold flow"; and as the term 
implies, the hard rubber behaves not 
unlike an extremely viscuous liquid. 
Cold flow takes place at ordinary tem- 
peratures, but becomes very notice- 
able above one hundred degrees Fah- 
renheit—a temperature which may 
be encountered in telephone service. 
Another very noticeable limitation 
to the use of hard rubber is its 
marked deterioration when exposed 
to light. This deterioration pro- 
gresses at a rate depending upon the 
nature and the strength of the light, 
and therefore strong sunlight is par- 
ticularly harmful. The effect is studied 
in the laboratory by exposing the 
specimens to direct sunlight; the re- 
sult, however, can be very closely du- 


plicated by exposing the samples to 
ultra-violet rays. This deterioration 
appears to be mostly on the surface 
but it results in a decided lowering 
of resistance when the rubber is sub- 
sequently subjected to the higher hu- 
midities. It is accompanied by dis- 
coloration, in which 
the exposed surface 
turns greenish-yellow. 

These two objec- 
tions to the use of 
hard rubber, particu- 
larly its tendency to 
cold flow, led many 
years ago to an exten- 
sive search for better 
materials. Of those 
studied, phenol fibre 
proved to be the most 
satisfactory substitute, 
and its use has in- 
creased since it was 
first employed in telephone apparatus 
about thirteen years ago. 

Phenol fibre is a laminated product 
made in convenient thicknesses from 
sheets of paper treated with a var- 
nish made from phenol and formalde- 
hyde. The treated sheets are stacked 
to the desired thicknesses and cured 
into a solid mass by heat and pressure. 
A number of phenol fibres are mar- 
keted under trade names, such as 
Bakelite-Dilecto, Formica, Micarta, 
Condensite Celoron, Bakelite-Du- 
resto and Phenolite. The varnish 
used in the manufacture of all these 
products is obtained from the Bake- 
lite Corporation of America. Many 
of the commercial products of this 
type have been investigated in the 
laboratory and a number have been 
approved for use in telephone appa- 
ratus. 

Two kinds of phenol fibre are used 
by the Manufacturing Department of 
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the Western Electric Company. 
Grade 1, generally used for spring 
assemblies, has the greater varnish 
content. This results in a more costly 
material than Grade 2, but one of 
somewhat better electrical properties. 
However, it is slightly more brittle 
and does not withstand most machin- 
ing operations as well. The higher 
varnish content of Grade 1 is due 
largely to the use of cotton-fibre pa- 
per which is more absorbant than the 
wood-pulp paper used in Grade 2. It 
is very difficult for the unaided eye to 
distinguish material of one grade from 
the other. This was a source of con- 
fusion in the stock-room until the 
scheme was adopted of making up all 
Grade 2 material with a brown body 
and black surface, and making all 


well that after a short time its insu- 
lation resistance is generally the 
higher. 

Cold flow is practically absent in 
phenol fibre; it is this fact which has 
had most to do with its wide applica- 
tion as a substitute for hard rubber. 
The very slight change in dimen- 
sions which does occur is essentially a 
shrinkage due to the drying out of 
the material and the loss of gaseous 
products. For all but the most exact- 
ing uses this shrinkage can be consid- 
ered negligible with Grade 1 ma- 
terial. In Grade 2, shrinkage is more 
pronounced and for that reason this 
material cannot be depended upon to 
maintain delicate adjustments. 

Neither grade of phenol fibre is as 
readily machined as is hard rubber. 


Phenol Fibre Punchings for Spring Assemblies and Spool Heads 


Grade 1 material of solid color 
throughout, either brown or black. 

The insulation resistance of Grade 
1 phenol fibre is not as high as that 
of hard rubber when both are new. 
Due to deterioration, however, hard 
rubber soon loses this advantage; 
while the phenol fibre stands up so 


Before punch operations it is gen- 
erally necessary to heat phenol fibre 
to reduce objectionable brittleness. 
Drilling and milling operations can 
be carried out with little difficulty, if 
they are done in a direction perpen- 
dicular to the laminations, otherwise 
there is a marked tendency for the 
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material to split. Considerable gain 
in strength and toughness can be ob- 
tained by using phenol fabric, a more 
expensive material with a base of 
cloth instead of paper. Аз would 
be expected it withstands punching 
better than phenol fibre. 

Vulcanized fibre— also known as 
"ordinary" fibre, "horn" fibre, and 
"hard" fibre—is used in large quan- 
tities. The term “vulcanized” is a 
misnomer, since heat and sulphur are 
not used in its manufacture as in the 
preparation of hard rubber, nor is it 
cured by heat and pressure as is 
phenol fibre. Instead, it is made from 
a rag-stock paper which has been 
treated with zinc chloride to soften 


Sequence Switch Cam Assemblies Using 
Phenol Fibre Insulators 


the cellulose fibres. This facilitates 
the matting of the fibres when the 
treated paper is wound on a drum. 
After a sufficient amount has been 
rolled up to give the desired thickness 
the wrapping is cut from the drum 
and flattened into a sheet. When the 
chemical action has been carried to 
the desired extent the sheet undergoes 
a series of washings in water to re- 
move as much of the zinc chloride as 
possible. After being thoroughly air- 


dried the sheet is rolled and pressed. 
This operation toughens the fibre and 
improves its surface. Vulcanized fibre 
is generally produced in one of three 
colors, natural (gray), red or black. 
The latter colors are obtained by the 
addition of dyes to the zinc-chloride 
solution. 

The outstanding characteristics of 
vulcanized fibre which have resulted 
in its wide use are toughness, adapta- 
bility to machine processes, and low 
cost. Its strength and toughness make 
it the most desirable insulating ma- 
terial for conditions of severe wear 
and mechanical abuse. 

Unfortunately, there are many 
places where vulcanized fibre cannot 
be used owing to its tendency to cause 
corrosion of current-carrying parts. 
This is the result of electrolytic action 
involving the traces* of zinc chloride 
which remain 
in the fibre. 
In the past we 
have investi- 
gated a num- 
ber of so-called 
non - corrosive 
vulcanized fi- 
bres. Although 
great care had 
been used to 
reduce the res- 
idue of zinc 
chloride to a minimum it appears to 
be commercially impossible to elimi- 
nate the last trace, and only a trace is 
necessary to restrict greatly the use 
of this material. Suffice it to say, 
that we are still looking for a vul- 
canized fibre which will be truly non- 
corrosive. 


Plug Shell Machined 
from Sheet Phenol 
Fibre 


* By specification the chlorine content is lim- 
ited to a maximum of one-tenth of one per cent. 
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Another serious objection to the 
use of vulcanized fibre is that, under 
high humidity, considerable swelling 
and warping occur. Impregnation and 
surface finishes help, 
but generally their 
protection is limited to 
those apparatus parts 
where ample allow- 
ance for dimensional 
changes may be made. 
As would be expected 
with a material hav- 
ing so marked an 
affinity for moisture, 
its insulation is so low 
under adverse weather 
conditions, that it is 
generally considered 
unsatisfactory for in- 
sulating terminals in talking circuits. 

Each year a large number of new 
insulating materials are investigated 
in our General Development Labora- 
tory. Some are brought to our atten- 
tion by inventors, others by pro- 
moters and of a few we first learn 
in the technical magazines. In spite 
of the most glowing promises by their 
backers such materials rarely prove 
satisfactory for use in telephone ap- 
paratus. Frequently the original sam- 
ples look interesting; when we call 
for further samples, we sometimes 
find that the favorable showing in the 
early tests was pure "beginner's luck." 
Being made under uncontrolled con- 
ditions—in a boarding-house kitchen, 
for example, or in a hall bedroom— 
the first sample of the material can- 
not be duplicated. 

No matter what its source, every 
proposed material is carefully con- 
sidered since it may prove suitable 
for some special purpose, if not for 
widest application. In the investiga- 
tion of these materials, as many short- 


cuts are taken as possible. Experi- 
ence for example has shown that 
most new materials fail to meet our 
exacting requirements for insulation 


Sheet Vulcanized Fibre Parts, All Punchings Except the 


Plug Shell 


resistance; consequently the work is 
greatly shortened by determining first 
the insulation resistance of a new ma- 
terial under adverse atmospheric con- 
ditions. If these preliminary tests 
show promise the investigation is then 
broadened to include other proper- 
ties, both electrical and mechanical. 
Due consideration is also given to the 
material’s suitability to established 
methods of manufacture, to its cost, 
and to the reliability of its sources of 
supply. It would be difficult if not 
impossible to assign to all these prop- 
erties numerical values which must be 
attained by a new material before it 
could be rated as suitable. As an al- 
ternative, our practice is to deter- 
mine how each new material com- 
pares with the existing material for 
which it is a proposed substitute. In 
this comparison particular attention 
is paid to properties in which im- . 
provement is desirable, so that the 
changes recommended will be in the 
direction of better materials for the 
plant of the Bell System. 
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News of the Month 


AMONG RECENT ACCESSIONS to the 
Historical Museum are two samples 
of telephone cable made before the 
present paper-insulated lead-covered 
cable was introduced. One sample is 
a cable of cotton-insulated wires, 
rosin-oil filled, with a tinfoil cover 
and wrapped on the outside with jute. 
This cable was installed in Chestnut 
Street, Philadelphia, in 1886. The 
other sample is a cable with cotton- 
insulated wires, rosin-oil filled, and 
lead covered; it includes the first 
splice made in a lead-covered cable 
in the city of Philadelphia, 1889. 
These samples were presented to the 
Historical Museum by James Cun- 
ningham of the Bell Telephone Com- 


pany of Pennsylvania. 
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S. P. Grace addressed the fifth 
annual convention of the Telephone 
Association of New Hampshire at 
Laconia, New Hampshire, on Sep- 
tember 8. He told of the work of the 
Laboratories, and accompanied his 
address with a demonstration of an 
audiometer and with records of 
speech and music, natural, inverted 
and filtered. On September 13 he 
spoke again on the Laboratories and 
its work, to the Maine State Tele- 
phone Association at Portland, 
Maine, and gave the demonstration 
also. At both meetings Mr. Grace 
showed the film, “The Magic of 
Communication." 

On August 22 Mr. Grace ad- 
dressed the Business Men's Associa- 
tion at Jamestown, New York, on 
telephone and other recent develop- 


ments of the Laboratories. The 
manufacturers present, many of 
whom have laboratories in their own 
establishments, showed the keenest 
interest in our work. 


RESEARCH 


E. E. SCHUMACHER recently spent 
a few days at Hawthorne in connec- 
tion with the development of cable 
sheathing. 

F. G. BRICKWEDDE, in charge of 
low temperature work at the Bureau 
of Standards, visited the Labora- 
tories on August twenty-third. 

Н. Н. Lowry, E. E. Scuv- 
MACHER, А. C. WALKER, J. A. LEE 
and А. М. Gray attended a meeting 
of the American Chemical Society 
held at Detroit from September 6th 
to oth. 

R. E. WATERMAN and C. O. 
WELLS of the Research Department 
and C. H. Amadon and L. V. Lodge 
of the Outside Plant Development 
Department recently returned from 
a month's stay at Brookline, Mass., 
where they were interested in wood 
preservation experiments. 

F. Е. FARNSworTH, E. E. SCHU- 
MACHER and J. H. WHITE attended 
the Convention of the American So- 
ciety for Steel Treating held at De- 
troit in September. 

DURING THE WEEK OF SEPTEM- 
BER TWELFTH several groups from 
the Chemical Laboratories were at 
Hawthorne in connection with differ- 
ent phases of their work. R. R. Wil- 
liams, А. К. Kemp, J. A. Lee, and 


A. N. Gray were interested in sub- 
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marine cable and rubber covered 
wire, F. F. Farnsworth and J. T. 
Acker in aluminum diaphragms, and 
Messrs. Williams and Farnsworth in 
enameled wire. 

A. A. CLOKEY returned to the 
Laboratories on September first from 
a three months’ trip abroad. His 
work on the New York-Azores-Em- 
den cable took him to Emden, Berlin 
and Horta. Не also visited London 
and Penzance in connection with pro- 
posed apparatus for the New York- 
Bay Roberts-Penzance cable. 


INSPECTION 

DURING OCTOBER H. G. Eddy, W. 
C. Miller, R. M. Moody and P. S. 
Olmstead were in attendance at In- 
spection Survey Conferences held at 
Hawthorne. 

W. A. SHEWHART attended the 
Colloquium Lectures of the Ameri- 
can Mathematical Society and the 
joint meetings of the American 
Mathematical Society and the Ameri- 
can Mathematical Association, which 
were held at Madison, Wisconsin, 
during the week of September 5. On 
September 7, he delivered an illus- 


trated lecture on “Some Modern De- 


velopments in the Method of Analyz- 
ing Scientific and Engineering Data." 
Mr. Shewhart visited at the Univer- 
sity of Illinois, conferring with vari- 
ous people who were interested in the 
theory of sampling. While there, he 
gave a paper before the Mathematics 
and Physics Colloquium upon the sub- 
Ject he discussed at Madison. 

D. A. QUARLES and Н. Е. DopbcE 
were in attendance at а Conference 
on Quality Rating of Manufactured 
Product held at Hawthorne during 
the week of August 22. 

DuvniNG the week of September 5, 
J. A. St. Clair, Local Field Engi- 


neer for the Inspection Department 


at Atlanta, was in Gulfport, Missis- 
sippi, and New Orleans, Louisiana, 
on complaint investigation work in 
his territory. 

E. F. HELBING was at the factory 
of the Buffalo Gasoline Motor Com- 
pany at Buffalo in connection with the 
new type “R” gasoline engine. 

P. B. ALMQUIST, Local Field En- 
gineer at San Francisco, was in Port- 
land, Seattle, and Spokane recently 
in connection with regular field work 
in his territory. 

E. G. D. PATERSON visited the fac- 
tory of the Corning Glass Company 
at Corning, New York, to investigate 
manufacturing processes on glass in- 
sulators. 


OUTSIDE PLANT DEVELOPMENT 


E. M. Honan was in New Haven 
with engineers of the American Tele- 
phone and Telegraph Company and 
of the Southern New England Tele- 
phone Company, making experimen- 
tal installations of attachments for 
drop wire. 

C. D. Hocker апа W. A. HYDE 
visited Schenectady and Pittsburgh to 
study metal corrosion and glass in- 
sulator problems. Mr. Hyde was 
also in Muncie, Indiana, during Au- 
gust in connection with glass insu- 
lator development work. 

L. V. Lopere was іп Brookline, 
Massachusetts, conducting timber 
preservation experiments. 

S. C. MILLER visited Madison and 
Minneapolis in connection with tim- 
ber development studies. 

С. S. Сокром and B. A. MERRICK 
were in Roslyn, Long Island, making 
tests of devices for splicing cable un- 
der tension. Mr. Gordon was in 
Philadelphia later, conducting field 
experiments with drop wire attach- 
ments. 


{59} 


SvsrEMS DEVELOPMENT 


W. L. рорсе spent several days 
at Boston on an investigation of sen- 
der operation in panel dial offices. 

P. T. SLATTERY visited Scranton, 
in connection with the installation of 
repeater equipment. 

R. H. KREIDER spent a week at 
Hawthorne making arrangements for 
the manufacture of equipment in- 
tended for use in field trials of new 
developments in step-by-step P. B. X. 
design. 

VARIOUS ANGLES relating to the 
substitution of ebony-asbestos com- 
pound for slate in power boards were 
discussed with the General Electric 
Company's engineers by R. L. Luns- 
ford and F. T. Forster during a re- 
cent visit to Schenectady. Ас the 
same time the new Schenectady step- 
by-step dial equipment was inspected 
in connection with a study of the ap- 
plication of the new aluminum fin- 
ishes to power-room equipment. 

THE 551-A and 551-B P.B.X. 
equipments have replaced the 550-C 
equipments and V. I. Cruser is visit- 
ing Hawthorne to assist in connec- 
tion with the new manufacturing pro- 
gram now under way. 

W. F. MALONE visited Pittsburgh, 
Ligonier, Bedford and Harrisburg, 
Pennsylvania, to inspect special equip- 
ment being installed for use in studies 
of broadcasting over cable pairs be- 
tween New York and Pittsburgh. 
F. S. Entz, A. E. Bachelet and R. A. 
Leconte have also spent several days 
at the Philadelphia Instrument Shop 
and at Pittsburgh and other Pennsyl- 
vania points making tests on this 
equipment. 

E. P. BANcRorrT and C. E. WHITE 
spent several weeks in San Francisco 
and Chicago, respectively, testing ex- 
perimental installations of constant- 


frequency current-supply sets which 
are being tried out with picture-trans- 
mission systems as a replacing me- 
dium for the synchronizing channels 
now in use. 

R. B. STEELE has recently been 
conducting tests at El Paso, Texas, 
on a trial installation of static inter- 
ference suppressor equipment on car- 
rier-telegraph lines between Denver 


and El Paso. 


APPARATUS DEVELOPMENT 


L. B. Cooke is at Minneapolis, 
Minn., modifying the power line car- 
rier telephone system of the North- 
ern States Power Company. 

E. Мохтснүк and J. T. BUTTER- 
FIELD were in Boston early in August 
to investigate field tests of 1-A bear- 
ings. 

Н. S. SMITH was at Hawthorne 
the middle of August and early in 
September in connection with the de- 
velopment of a special tinsel cord for 
step-by-step switches. 

H. R. KIMBALL spent some time 
at Hawthorne installing and testing 
a test set for measuring the reflection 
coefficient on single channel carrier 
systems. 

К. S. Barr, J. W. GRiEG, К. E. 
PoorE and H. S. Price have been di- 
recting various stages of the prepa- 
ration of Station WOR, which is to 
be key station of the Columbia 
Broadcasting System. А five kilowatt 
transmitter has been installed near 
Kearney, and the studios in New 
York are being provided with equip- 
ment developed in the Laboratories 
for speech input control. 

W. L. TIERNEY went recently to 
Shenandoah, Iowa, and H. S. Price 
to St. Louis and to Fort Worth, 
Texas, for consultation with broad- 
casters. Control exercised by the Fed- 
eral Radio Commission has brought 
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many requests for assistance of the 
field engineers in instructing staffs 
and suggesting improvements in 
equipment and operation procedure. 

W. V. WOLFE went to Barberton, 
Ohio, early in September to inspect 
the new condensers to be used on the 
power line carrier telephone installa- 
tion for the Pacific Gas and Electric 
Company. 

James А. WOTTON, for many years 
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a member of the Apparatus Develop- 
ment Department, died on August 
twenty-second after a short illness. 
Since his graduation in 1884 from the 
University of Georgia, Mr. Wotton 
had spent practically all of his active 
career in the telephone industry, to 
which he made important contribu- 
tions. For some years he was Chief 
Electrician of the Southern Bell Tele- 
phone and Telegraph Company. 
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How the telephotograph system has drawn this country together is visualized by this 
map. The larger circles represent roughly eight hours by train from the nearest 


telephotographic station. 


a few hours be in the hands of newspapers in eight cities. 


A picture originating in any of these areas can within 


Air mail still further 


increases the areas served by the telephotographic system 
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Introducing the New College Men 


ODAY the Bell System 
stands in the front rank of 
American industrial organiza- 


tions. The criteria of size—stock- 
holders, capital, personnel — accord 
it preeminence. Its bigness together 
with its geographical extent have 
caused the responsibilities for carry- 
ing it on to be divided not only among 
many departments but among many 
distinct companies. These considera- 
tions together with the unusually tech- 
nical art upon which it is founded 


make it often seem to new members 
that the business they have entered is 
extremely complex. As a matter of 
fact the reverse is actually the case. 

To help over any initial difficulties 
for those coming from the colleges 
and elsewhere, and affiliating them- 
selves with the Laboratories, it is 
customary for our Educational De- 
partment to offer a brief but intensive 
introductory course. During this in- 
struction, the newcomers have ex- 
plained to them the organization of 


Top Row: S. T. Meyers, Stevens Institute; E. В. LeRoy, M. I. T.; P. C. Jones, 
M. I. T.; J. W. Obreiter, Brooklyn Poly.; E. J. Thielen, U. of Cincinnati; 
F. D. Kurie, McGill U., Montreal; F. J. Grignon, Cornell; ТЇ. Е. Schoening, 
Washington U.; W. C. Parnell, Queens U., Kingston, Canada; С. C. Engel, 


Middle Row: 


Stevens Inst. 


С. С. Scofield, McGill U.; Н. J. Scott, U. of 


Wash.; T. G. Fischer, Johns Hopkins; H. P. Smith, U. of Kansas; E. L. Alford, 
U. of Mo.; E. 8. Willis, U. of Mo.; Н. №. Walker, Brooklyn Poly.; К. C. 
Shaw, U. of Mich.; W. C. Slauson, Hamilton College; C. E. Fay, Washington 


U.; P. W. Wadsworth, Ohio Northern; A. L. Bonner, U. of Minn. 


Bottom 


Row: Н. С. Lindner, U. of Wis.; W. S. Bishop, M. I. T.; A. L. Stillwell, U. 

of Cambridge, England; G. J. Harms, U. of Kansas; Е. А. Minks, Miss. А. & 

M.; E. Е. Brooke, Ohio State U.; W. C. Ellis, Rensselaer Poly.; О. L. Walter, 
Oregon State College 
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Top Row: К. V. Mills, Johns Hopkins; A. C. Findlay, U. of Chicago; К. L. 
Tambling, U. of Illinois; P. V. Koos, U. of Wis.; Е. W. Boesche, Cornell; 
O. J. Murphy, U. of Texas; P. W. Swenson, Worcester Poly.; M. Brotherton, 
U. of London; 8. D. White, Rutgers; M. E. Maloney, Cornell; Н. W. Garbe, 
Kansas State; С. E. Long, Jr., О. of Iowa; C. W. Borgmann, О. of Colo.; 
W. H. Cortelyou, Rutgers; L. E. Brown, U. of Texas; C. E. Schissler, Johns 
Hopkins. Middle Row: W. С. Gustafson, Union College; J. В. Power, Carnegie 
Tech.; J. О. Johnson, Kansas State; J. F. Lee, Fordham; J. Е. McEneany, Catho- 
lic U.; Е. X. Obold, Catholic U.; К. M. James, Occidental; ТУ. Е. Jurgens, 
H. P. ig Б. Ж. Lowry, U.of Wai; 1. L.Hobphm, M.4. T. В. С. Och, 
N. Y. U.; W. E. Gilson, Haverford College; L. N. St. James, Cornell. Bottom 
Row: Н. А. Blake, Cornell; $. R. Durand, U. of Wis.; R. D. Smith, Drake; 
J. Donelson, Jr., Vanderbilt; W. T. Jervey, Tulane; W. А. MacMaster, Union 
College; А. P. Steensen, M. I. T.; P. Н. Taylor, Stevens; W. Е. Simpson, 
Carnegie Tech.; I. Н. Gerks, U. of Wis.; E. J. Fogarty, Yale 


our Laboratories, its purpose and its 
place in the Bell System, and they are 
also given a picture of the interrela- 
tionships of the twenty-five odd com- 
panies that compose the Bell System. 
Members of the technical staff de- 
scribe the work of their particular 
departments, the problems encount- 
ered and the opportunities offered for 
development. Visits to various labo- 
ratories and to telephone exchanges 
supplement the lectures and give the 
newcomers a fairly broad view of the 
functions of the Laboratories and its 
contribution to electrical communica- 
tion. At the conclusion of the intro- 
ductory course, each new member is 


assigned to a type of work consistent 
with his training and propensities. 
The group just issuing from the in- 
troductory course, like its predeces- 
sors, represents educational institu- 
tions in every section of the United 
States and in some foreign countries 
as well as various other departments 
of the Bell System. Wide representa- 
tion is distinctly advantageous in that 
it brings together men with common 
interests but with varied backgrounds 
of experience. The operating com- 
panies by keeping in close contact 
with the engineering colleges and de- 
scribing our work to qualified stu- 
dents have greatly assisted our Per- 
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Top Row: С. Brekke, Stevens; Burton К. Cole, Stanford U.; W. W. Mutch, 
Wis.; C. А. Kotterman, Yale; В. C. Dehmel, О. of Cal.; C. Е. Wiebusch, Texas; 
John R. Fincher, Cornell; John R. Flegal, Penn State; Benjamin Slade, Harvard ; 
J. M. Hardesty, Illinois; J. H. King, Stevens; C. H. Young, Mich. Middle Row: 
С. F. Kern, Syracuse; W. S. Hunt, V. P. I.; E. M. Tolman, Bowdoin; Г. Е. 
Vandevere, Miss. A. © M.; J. E. Lambly, Cornell; M. A. Logan, Cal. Tech.; 
Frank R. Dickinson, Union; Olney B. Cook, Columbia; ЕЁ. L. Morgan, Rens- 
selaer; Н. H. Staebner, M. І. T.; P. Komroff, Yale; C. L. Erickson, Kansas 
State; Haig P. lskenderian, Mich.; W. A. Munson, U. of Cal., So. Branch. 
Bottom Row: О. W. Towner, U. of Kan.; С. К. Woodford, Mich.; M. Н. 
Quell, B. P. I.; С. В. Harris, Carnegie Inst.; Frey Hamburger, Cal. Tech.; 
Ardis M. Walker, U. of So. Cal.; Thomas Pope, Illinois; Н. A. Bredehoft, 
Kan. State; C. E. Rinehart, Oregon State College; C. H. Bidwell, Cal. Tech.; 
Н. К. Farrar, Cal. Tech.; George Moore, Cal. Tech.; Russel Sherman, Pratt Inst. 


sonnel Department in the selection 
of new employees. 

The Laboratories expects these 
new members to bring with them the 
habit of study and the susceptibility 
to instruction which has character- 
ized their previous training and hopes 
that they will utilize the facilities of- 
fered for further study and advance- 
ment. They will soon begin to realize 
—what those of us who are older at 
the business know so well—that em- 


ployment marks not the end of one’s 
education but rather its beginning. 
On its side, the Laboratories will not 
forget, that. although dedicated to 
the achievement of distinctly prac- 
tical ends, it must cooperate with the 
members of its organization in broad- 
ening their knowledge of electrical 
communication. To this end and to 
supplement the introductory courses, 
many other courses both in and out- 
of-hours are offered. 
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Bell Laboratories Club 


HE nominating committee of 
| the Bell Laboratories Club 
will meet on Wednesday, Oc- 
tober 26, to nominate candidates for 
the Club elections to be held on Mon- 
day, December 5. The offices to be 
filled for 1928 are as follows: Presi- 
dent, First Vice-President, Second 
Vice-President (woman); Depart- 
mental Representatives — two year 
term—for Apparatus Development, 
Patent-Inspection, and Plant. 

In accordance with the Club con- 
stitution, the nominating committee 
consists of the following members: 
Е. J. Johnson, President; D. D. Hag- 
gerty, Secretary-lreasurer; Depart- 
mental Representatives S. J. Strana- 
han of Apparatus Development, J. 
G. Motley of Plant, A. A. Reading 
of Commercial, P. T. Higgins of 
Tube Shop, С. Н. Heydt of Patent- 
Inspection, А. L. Johnsrud of Re- 
search, and T. J. O'Neil of Systems 
Development. 

Club members having candidates 
should submit their names to their 
departmental representatives before 
the meeting. There shall be nomi- 
nated at least two but not more than 
three candidates for each office. 


DANCE 
A few tickets are still available for 


the Fall Dance to be held on the 


McAlpin Roof Friday evening, Oc- 
tober 7. If you plan to attend this 
party, the committee suggests that 
you buy your tickets at once. The 
management of the Hotel McAlpin 
has limited the sale of the tickets to 
five hundred and will not permit the 
sale of tickets at the door the eve- 
ning of the dance. Buy now and be 
one of the lucky five hundred. 

Music will be furnished by Deacon 
Johnson and his colored entertain- 
ers, who have furnished music in the 
past for the Hotel Martinique, the 
Bellevue-Stratford and the Hotel As- 
tor. Dancing will be from nine until 
two. 


CLUB ORCHESTRA 


Ihe orchestra held its first 1927- 
28 rehearsal on September 27, with 
excellent prospects for a successful 
season. At the close of last season, 
it was felt that such advancement had 
been made that the services of a pro- 
fessional director were essential to 
further progress. During the sum- 
mer months a great deal of work was 
done by the officers along this line 
anda director was secured. Mr. Egon 
Ebert, who began his season's activ- 
ities with the Club by conducting the 
opening rehearsal, was secured 
through the co-operation of the 
American Orchestral Society. This 
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organization handles the training of 
conductors for the New York Phil- 
harmonic Orchestra and practicaliy 
all of the symphony orchestras in 
America. Mr. Ebert has studied in 
the conservatories of Krefeld, Ger- 
many, and Milan, Italy, and is now 
connected with the conductors' school 
of the American Society upon whose 
recommendation he came to us. 
Those who attended the opening re- 
hearsal were unanimous in their ap- 
proval of the excellence of Mr. Eb- 
ert's work and in their enjoyment of 
the evening's activities. 

The employment of a professional 
director for our orchestra can only 
be justified if it results in bringing to- 
gether all the musicians in the build- 
ing who play any orchestral instru- 
ment. The degree of ability of the 
performer does not constitute any ob- 
stacle. It is the function of the di- 
rector to solve that problem. 

If you play an orchestral instru- 
ment, if you enjoy playing it, if you 
want to play it better and thereby in- 
crease your own enjoyment and add 
to that of others of like tastes—then 
the orchestra wants you at the next 
rehearsal. Auditorium— Tuesday 
evenings, at six o'clock. 


BASKETBALL 
On Thursday, August 11, in the 
ofice of Mr. Stevens at 195 Broad- 
way, was organized the Bell System 
Basketball League. The companies 
represented in the league are as fol- 
lows: 


Western Electric, С. Н. О. 

Western Electric, Installation. 

Western Electric, Telephone Department, Hud- 
son St. 

Bell Telephone Laboratories. 

New York Telephone, Northern Manhattan. 

New York Telephone, Southern Manhattan. 

New York Telephone, Westchester. 

New York Telephone, Long Island. 


All the games will be played in the 
gymnasium of the Stuyvesant High 


School, First Avenue and Fifteenth 
Street, on Monday and Wednesday 
evenings; two games on each evening. 
The first game оп Monday nights 
will start at eight-fifteen, and on all 
Wednesday evenings the first game 
will start promptly at seven-thirty. 
There will be dancing between the 
halves and after the games until 
eleven-thirty. 

Season tickets which will entitle 
the holder to be admitted to all four- 
teen evenings of play will cost one 
dollar each. Tickets for individual 
games are twenty-five cents each. The 
schedule of Club games is as follows: 


October 26—Western Electric, Inst. 
October 31—New York Tel., S. Man. 
November 9—New York Tel., West. 
November 14—New York Tel., №. Man. 
November 28—New York Tel., L. I. 
December 7—W'estern Electric, С. H. Q. 
December 14—Western Electric, Hudson St. 


The Bell Laboratories Club Inter- 
departmental League will start on 
Tuesday evening, November 1, at 
Labor Temple, Fourteenth Street and 
Second Avenue. Two games will be 
played every Tuesday and Thursday 
evenings, with the first game starting 
promptly at five-thirty. Eight teams 
representing the various major de- 
partments of the Laboratories will 
take part in the 1927-28 tournament: 
Plant, Research, Equipment Draft- 
ing, Systems Engineering, Apparatus 
Development, Junior Assistants, 
Tube Shop and Commercial. 

All men in the Laboratories are 
cordially invited to take part in the 
basketball activities of the Club. If 
any Club member has not played with 
the Club team previous to this sea- 
son, he is invited to call on D. D. 
Haggerty, Room 164. The Club is 
especially anxious to hear from men 
who have had basketball experience, 
whether it be with local teams or 
school or college organizations. 
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Our team in the Bell System 
League will be managed by J. А. 
Waldron and the activities of the in- 
terdepartmental league will be di- 
rected by T. J. O'Neil. Either of 
these men will be glad to tell you 
more about the basketball activities 
and furnish information regarding 
the nights on which try-outs will be 
held for the league team and practice 
for the interdepartmental organiza- 
tions. 

WOMEN'S ACTIVITIES 

Basketball. Everyone is anticipat- 
ing an interesting and exciting season 
for the Women's Basketball Team. 


h 


Plant Department team, winners of the [nterdepartmental Baseball trophy: 


Beginning October tenth we have 
practice nights the tenth, seventeenth, 
twenty-fourth, thirty-first; November 
fourteenth, twenty-first, twenty- 
eighth; and December fifth and 
twelfth, with Mr. A. Turner as 
coach. Along about the middle of 
this period we expect to separate the 
group into two teams, one playing 
Modified Girls’ and the other Boys’ 
Rules. With two teams ready to 
meet anyone we expect to line up 
games for practically all the Monday 
nights from January ninth to March 
twenty-sixth. 

If you are acquainted with any 
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Left 


to right, standing—G. F. Kallensee, 3rd base; A. Hansen, 2nd base; W. Flynn, 

ist base; J. Jorgensen, Pitcher; W. Eichinger, Right Field, and J. M. Veseley, 

Center Field. Left to right, sitting—W. $. Haffner, Left Field; J. H. W esten- 

berger, Pitcher; С. A. Grant, Manager; W. Bodenstedt, Catcher, and С. Schepperle, 
Short Stop 
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girls’ teams, send the manager's name 
to Marie Boman that she may ar- 
range a game with them. Our team 
will play Monday evenings at the 
Manhattan Trade School Gym, Lex- 
ington Avenue and Twenty-second 
Street, from five-thirty to seven- 
thirty. 

Swimming. Swimming Classes are 
held at the Carroll Club Pool, 120 
Madison Avenue, Mondays, seven to 
seven-thirty and Wednesdays five- 
thirty to six. The charge is two dol- 
lars and fifty cents for eight lessons 
and the lesson period covers ten 
weeks. Miss Steil is again in charge 
and will continue the instruction with 
those who started last year as well as 
give instructions to the beginners. 

Dancing. The Physi-cultural Danc- 
ing Class is ready to start its fall sea- 
son the middle of this month at Louis 
Vecchio's new studio, Broadway at 
Twenty-seventh Street. The new 
studio is better equipped than the old 
one and has larger dressing rooms. 
We hope to continue the fun we all 
had last year and that many new re- 
cruits will join the class. The course 
of ten lessons costs five dollars. 

Bridge. The women plan to play 
their first game of bridge for the sea- 
son in the Rest Room, Tuesday, Oc- 
tober 4, at five-fifteen. In order to 
help Miss Murtagh to arrange the 
prizes, will all those who wish to play 
be sure to return the game card to 
her by Monday each week. 

Hiking. The hikers seem to be all 
set for plenty of exercise this year, 


although with due consideration to 
those of us who only plan to go out 
occasionally, they have included sev- 
eral short walks and campfire sup- 
pers. 

This is the schedule for October. 
Just let Miss Barton know if you 
wish to join them at any time, їп or- 
der that she may provide enough 
supper. 

Saturday, October 1: this will be 
an eight-mile walk from Summit, 
New Jersey, through a reservation of 
Essex County. There will be a camp- 
fire supper. Cost, about one dollar 
and sixty cents. Meet at entrance of 
the new building at twelve-thirty. 

Wednesday, October 12 (Colum- 
bus Day) : meet at Erie Station, tube 
waiting room, Jersey City, at nine, 
to walk from Sterling Forest to Tux- 
edo. Distance, fifteen miles. Cast, 
about two dollars and fifty cents, 
using ten-trip tickets. This is a good 
walk, combining cross-country trails 
and dirt roads. 

Saturday, October 15: meet at the 
entrance of the new building at 
twelve-thirty to walk from Engle- 
wood to Alpine. Camp-fire supper at 
end of the hike. Distance, six miles. 
Cost, including supper, seventy-five 
cents. 

Sunday, October 30, a pleasant fif- 
teen miles over trails and dirt roads 
in the country around Croton Lake. 
We will pass the dam, which is one 


of the finest pieces of masonry in this 


part of the country. The trip will 
cost about two dollars and fifty cents. 
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Power Rating of Broadcasting Transmitters 


By О. М. GLUNT 
Assistant Apparatus Development Engineer 


ECEPTION of low-powered 
В stations at far 

distant points is interesting 
and often very remarkable. The 
real work of the broadcaster, how- 
ever, is to make possible the flawless 
reception of programs and to provide 
an unfailing service over as large an 
area as possible surrounding the sta- 
tion. For broadcasting purposes no 
advantage can be taken of the vaga- 
ries of transmission or of any direc- 
tive effects and, therefore, improved 
reception and reception over greater 
areas must be had either by the gen- 
eration of more power or by the 
more effective utilization of the 
power that is generated. There are 
certain obstacles, such as fading and 
interference, which cannot be wholly 
overcome by the expedient of using a 
large amount of power, but high 
power tends to mitigate their effects 
as well as to increase the area of high 
grade reception. 

It is possible that the maximum 
power to be used in broadcasting will 
eventually be fixed primarily by tech- 
nical difficulties, but at present the 
determining factors are largely eco- 


nomic. In general, the cost per unit 
area served decreases as the power 
and area are increased, so that with 
the present trend toward the broad- 
casting of better and more expensive 
programs, economic considerations 
point to increasing the areas regular- 
ly reached by most stations. Al- 
though the situation as it confronts 
each broadcaster must be analyzed 
by himself, taking account of the 
extent and character of the popula- 
tion which it is useful for him to 
reach, there seems little doubt but 
that the future will bring with it an 
increase in the power of most broad- 
casting stations. 

In this connection the general 
adoption of a comprehensive method 
of rating the output of broadcast- 
ing transmitters is important. A rat- 
ing now commonly used merely ex- 
presses the unmodulated high fre- 
quency power delivered to the anten- 
па and on this basis broadcasting 
transmitters are referred to as one- 
kilowatt sets, five-kilowatt sets, and 
so on. This method of rating, while 
it is based upon a definitely measur- 
able quantity, is quite inadequate, 
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failing as it does to take into con- 
sideration the maximum obtainable 
percentage of modulation. ‘This is an 
equally important factor in determin- 
ing the effectiveness of the power in 
the distribution of a program, and 
the complete specification of the per- 
formance capabilities of a transmitter 
must be expressed in terms of both 
of these factors: power output and 
percentage of modulation. 

Most readers have observed in tun- 
ing their radio receivers that the pres- 
ence of a carrier even when unmodu- 
lated can be detected by ап increase in 
the noise received. Most of this noise 
is static or local electrical disturbances 
"beat їп” by the carrier, although the 
latter in itself is inaudible. The loud- 
ness of this noise is proportional 
to the carrier amplitude and inde- 
pendent of modulation. The pro- 
gram signal on the other hand is pro- 
portional to both the carrier power 
and the percentage of modulation. 
То obtain the best signal-static ratio, 
therefore, it is important that a high 
degree of modulation be attained. It 
can be shown that from a signal-static 
ratio standpoint a one-kilowatt 
broadcasting transmitter capable of 
one hundred percent modulation is 
substantially equivalent to a five kilo- 
watt broadcasting transmitter capa- 
ble of forty per cent modulation. The 


importance of complete modulation 
has not yet been generally realized 
among broadcasters or listeners and 
it is probable that the modulation of 
most of the existing stations can be 
increased, thereby affording greater 
coverage without the radiation of 
any more carrier power. 

It is not a simple matter, however, 
to adapt the apparatus of a given 
station to a higher percentage of 
modulation. It may mean certain 
new equipment capable of handling 
the greater peak power which in- 
creased modulation entails. Ав be- 
tween two stations each capable of 
generating the same carrier power, 
that possessing the greater degree of 
modulation will, in general, be more 
expensive to build especially in the 
larger units. 

The question is sometimes raised 
as to the extent to which modulation 
can be carried without loss of quality. 
Recent tests conducted by Bell Tele- 
phone Laboratories indicate that 
modulation at peak values of the au- 
dio wave may be carried to one hun- 
dred per cent without perceptible 
sacrifice in this respect. The new 
fifty-kilowatt set which is now under 
test at our laboratory in Whippany, 
N. J., is capable of this performance 
and extensive investigations have 
proven that its quality is excellent. 
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The Fifty-Kilowatt Radio Transmitter 


By A. W. KISHPAUGH 
Apparatus Development Department 


ANY late-at-night radio lis- 
teners during the past 
months have been sur- 


prised at hearing, with more than 
ordinary volume, music and speech 
which in due course they find to have 
been transmitted from our Labora- 
tories’ experimental station at Whip- 
pany, New Jersey. These listeners 
have been scattered over a consider- 
able portion of the United States and 
some have been located at far dis- 
tant points outside of this country. 
Reports of reception have been par- 
ticularly gratifying since the tests 
have been carried on during the sum- 
mer, a time generally unfavorable to 
good radio reception. 

The particular equipment used in 
the tests at Whippany is the develop- 
ment model of the Western Electric 
7-A Radio Broadcasting Transmit- 
ter, rated at ço kilowatts. [t has 


been created to make possible the 
provision over areas of reasonable 
magnitude of broadcasting service 
consistent with the ever growing re- 
quirements of the art. 

The transmitter uses twenty-five 
vacuum tubes, of which fourteen are 
water-cooled. These tubes and their 
related circuits are mounted on and 
behind ten. panels; on a floor below 
are installed some of (һе bulkier 
pieces of apparatus such as trans- 
formers, generators апа filters. 
While the normal unmodulated out- 
put to the antenna 15 fifty kilowatts 
the tube capacity is adequate to de- 
liver the 200 kilowatts which are re- 
quired during peaks of modulation. 

With so many broadcasting sta- 
tions on the air, it is of first import- 
ance that each one maintain its car- 
rier frequency constant at the value 
assigned by the Federal Radio com- 


A general view of the transmitter room at Whippany 
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mission. To this end, the frequency 
of the carrier-wave is controlled by 
the oscillation of a small quartz plate. 
Cut from a single crystal, with proper 


Rear view of the tube unit for the next- 
to-last stage 


orientation as to the crystalline and 
optical axes, the quartz plate, care- 
fully ground to a thickness deter- 
mined by the desired frequency, is 
then associated with a master oscil- 
lating circuit. As one precaution 
to ensure constant frequency, the 
plate is mounted in a container where 
its temperature is held constant. 
Speech currents from the control 
room are amplified by two stages in 
the set proper; the output voltage 
from the last of these is used for 
modulation. The radio frequency 
generated by the vacuum tube under 
control of the crystal is amplified in 
five stages. On the plate voltage of 
the second-stage tube is superposed 
the audio-frequency voltage for mod- 


ulation. The audio-frequency voltage 
is sufficient to effect complete or one 
hundred percent modulation of the 
carrier oscillation. The importance 
of this is discussed by Mr. Glunt in 
his foreword. The modulation stage 
is followed by three more stages of 
radio frequency amplification, each 
of which is a push-pull circuit. Wa- 
ter-cooled tubes are used in the last 
two stages: two in one and six in the 
other. Tuned circuits form the inter- 
stage couplings and also transfer the 
output power to a transmission line 
which leads out to the antenna sys- 
tem. In the final tuned circuit, cur- 
rents as great as one hundred am- 
peres may flow through the heavy 
copper tubing of the inductance coils. 

Power for the set, amounting to 
about 250 kilowatts, is drawn from 
central station lines as 440 volt, 60- 


A side view of the last-stage tube unit 
before the tubes were placed in their jackets 


cycle, three phase alternating cur- 
rent. À major portion of this power 
goes to a six-phase vacuum-tube recti- 
fier which supplies direct current at 
17,000 volts to the last two radio 
stages. Direct current from a 1500- 
volt rectifier is supplied to the other 
stages. One motor-generator set sup- 
plies about 550 amperes direct cur- 
rent to the amplifier filaments; an- 
other set supplies grid-bias voltages. 
Outputs of both these generators 
pass through filters, that for the fila- 
ments using electrolytic condensers 
and a large choke coil. 

To prevent excessive heating and 
consequent damage to the vacuum 
tubes, provision must be made to re- 
move the heat generated in opera- 
tion. For many of the tubes, radia- 
tion into the air is sufficient, but for 
others water cooling is necessary. 
These tubes are inserted in jackets 
through which water flows in contact 
with the tube anodes. Water is led 
to and from the tube jackets through 
lengths of coiled hose. This is to 
provide the necessary insulation be- 
tween jackets, which are connected 
with the anodes and therefore at 
high potential, and the other parts 
of the cooling system which are 
grounded. The water in turn is 
cooled by radiators through which 
air is forced by large fans. About 
a hundred gallons of water a minute 
flow through the cooling system; 
should the water cease to flow, or 
should its temperature rise beyond a 
safe value, power is automatically 
removed from the tubes. | 

The layout of the Whippany labo- 
ratory includes a control room where 
the speech input amplifier and re- 
lated equipment are located. Adjoin- 
ing it is the transmitter-room itself. 
Along one wall of this room is an 


assembly fronted by seven panels 
housing the audio and radio fre- 
quency circuits. At the end of the 
room is a group of three panels: one 
for general power control, which car- 
ries the push-buttons by which the 
set is started and stopped; one for 
the 17,000-volt rectifier and one for 
the 1500-volt rectifier. Tubes for 


An end view of the power supply group 
showing the 17,000-volt rectifier tubes 


these rectifiers are mounted behind 
their respective panels. The trans- 
formers and filtering equipment for 
the higher-voltage rectifier is located 
directly beneath, on a lower floor. 
On this floor are also the motor-gen- 
erator sets. 

In order to keep the station and 
its equipment outside the more in- 
tense field of the antenna, connection 
is made between the transmitter and 
antenna by a two-wire line about five 
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hundred feet long. The voltage be- 
tween wires is approximately six 
thousand and the line functions as 
any other though the power is trans- 
mitted at a very high frequency. The 
tuned circuits for coupling to the an- 
tenna are located in shielded com- 
partments at the end of the transmis- 
sion line directly beneath the antenna. 

Much thought has been given to 
the protection of the operating staff 
against high voltages. Throughout 
the transmitter access is had to the 
circuits through doors and windows 
which must be securely locked before 
the circuits can be energized; in order 
to open these points of access it 15 
necessary to unlock them through a 
mechanism which first disconnects the 
power supply and grounds the high 
voltage parts. All parts requiring 
adjustment or replacement are read- 
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The power-supply group; the panels are respectively for power control, for the 
1 500-volt rectifier and for the 17,000-volt rectifier 


{74} 


Пу accessible. Other portions of the 
apparatus are arranged with a view 
primarily to the compactness of the 
equipment. This promotes economy 
in floor space, facilitates protection, 
and enables important elements to be 
observed by a minimum of personnel. 

Satisfactory service to broadcast 
listeners—the sole justification of any 
station — requires that everything 
possible be done to minimize inter- 
ference with other programs. То 
avoid the annoying "whistle" which 
results from heterodyning of its car- 
rier with that of a station occupying 
an adjacent frequency-channel, the 
carrier must remain very close to its 
assigned value. This requirement is 
well met through crystal control. 
Moreover, radiation of harmonic fre- 
quencies must be as little as possible, 
since this is in effect a transmission of 


the program at a frequency which 
may conflict with that assigned to an- 
other station. The disturbing effect 
of harmonics being proportional to 
their absolute value, special precau- 
tions must be taken in the construc- 
tion of so powerful a transmitter. 


Careful shielding of the circuits, to- 
gether with the form of the circuits 
themselves, have served this purpose 
so well that the radiation of second 
harmonic is approximately one tenth 
watt—that is, one five-hundred-thou- 
sandth of the fundamental radiation. 


Addressing the National Association of Railroad and Util- 
ities Commissioners, President. Gifford said: 


“Professor Cabot of the Harvard Business School made the 
following comment on the Bell System: ‘The thing is a mod- 
ern miracle which I can only explain to myself by assuming 
that the men who conceived, created and have developed the 
telephone were men of the rare automotive type whose driv- 
ing power came from within, and who, therefore, did not 
need the external stimulation which competition alone can 


give.’ 


“Undoubtedly a very great factor in continued progress and 
improvement of telephone service is the intangible but quite 
real spirit of service that has become a tradition in the tele- 
phone business, but the results of the Bell telephone business 
have a broader foundation than the one Professor Cabot has 
recognized. It is fundamental in our plan of organization to 
have at headquarters and in our laboratories several thousand 


people whose sole job it 1s to work for improvement. 


They 


are engaged in studying what 15 used in the telephone business 
and how it is used and endeavor to find a better thing or a 
better way. Of course the people engaged day by day in try- 
ing to maintain a high standard of telephone service are doing 
their part, and a most important part, in increasing quality 
and keeping down cost of service, but progress is assured by 
having a large group of scientists and experts devoted ex- 
clusively to seeking ways of making the service better and 


cheaper.” 
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Working the Base Metals 


By J. H. WHITE 


Research Department 


HE laboratory for working 
base metals began its exis- 
tence some ten years ago dur- 


ing the development of loading coils 
with cores of compressed iron dust. 
Its first equipment included mills for 
grinding the specially embrittled elec- 
trolytic iron, machinery for sieving, 
annealing and heat treating it, and a 
one-thousand ton hydraulic press for 
compressing the iron dust into strong 
coherent cores. At the present time 
the laboratory equipment is used very 
largely for the production of mag- 
netic alloys in various forms but in 
addition considerable work is done 
with aluminum alloys for diaphragms, 


with lead alloy for cable sheaths, and 
with brasses, bronzes, and steels for 
a variety of purposes. Individual ma- 
chines are not large compared to those 
of industrial plants, due to the fact 
that they are used for experimental 
batches only; but their variety and 
versatility is great. 

The laboratory’s equipment and 
its use may well be illustrated by fol- 
lowing the process of manufacturing 
experimental quantities of permalloy 
tape such as are used for develop- 
ment work on continuous loading of 
submarine cables. 

The purest nickel and iron obtain- 
able are melted together with every 


. Barton prepares to pour a "melt? from the induction-furnace 
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precaution to prevent the melt from 
being contaminated with foreign sub- 
stances. A crucible of pure quartz is 
used to avoid impurities that might 
be present in the less expensive re- 


Four thousand blows a minute are struck 
on the permalloy rod as M. Tompa feeds 
it into the rotary swaging machine 


fractory materials. A high-frequency 
furnace of the induction type serves 
a similar purpose as it eliminates con- 
tamination by the fuel or electrode 
materials which are used with the 
commoner methods of melting iron. 
After the metal has melted it is 
poured into a cylindrical iron mold 
three quarters of an inch in diameter 
and sixteen inches long. When the 
alloy has cooled, a long series of re- 
ducing operations ensues before the 
permalloy assumes its final shape. 
Cold swaging, or cold or hot rolling, 
f ollow in a score or two of successive 
steps or "passes," until the rod be- 
comes a wire about one tenth of an 
inch in diameter. The rotary swag- 


ing machine is far superior to other 
means of reduction of metals which 
are dificult to work. This machine 
contains ten hammers, which deliver 
four thousand blows a minute upon a 
split die whose central tapered hole 
has a minimum diameter slightly less 
than the size of the initial bar or 
wire. А succession of such inter- 
changeable dies of progressively 
smaller diameters is used. Such treat- 
ment gives a very gradual reduction 
with a minimum of strain. Many of 
the alloys which have been made in 
the laboratory could have been re- 
duced in size by no other means as 
they were not strong enough to with- 


A permalloy wire is flattened into tape 
under the supervision of F. C. Kahnt 


stand a rolling or forging operation. 

At definite stages between the roll- 
ing or swaging processes, the metal is 
annealed to remove strains set up by 
working. Before the rod has been re- 
duced sufficiently to be called a wire 
it is heated for annealing purposes 
by passing an electric current through 
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it; suitably low voltage is secured 
from step-down transformers. After 
the rod has become a wire one tenth 
of an inch in diameter, it is coiled up 
and put in a metal pot in an electric 


К. J. Riley and J. M. Artiges roll out a 
sheet of diaphragm stock 


furnace for a long anneal. Precau- 
tions are taken to prevent oxidation 
during this process. After twenty- 
four hours the wire, which entered 
the pot somewhat tarnished, emerges 
with a brilliant lustre. By this pro- 
longed anneal the wire has become 
very soft and can thereafter be drawn 
down through steel dies without diff- 
culty. The drawing operation is much 
more rapid and proceeds with little 
attention from workmen. 

Frequently it is necessary to draw 
wire to extremely fine sizes. Then 
diamonds are used for the dies on ac- 
count of their hardness, the diamond 
being the only material that can be 
used when great lengths of wire must 


be drawn to diameters kept within 
narrow limits of accuracy. 

After the drawing process, the 
permalloy wire is flattened by being 


· passed through rolls. As before it is 


frequently annealed, each treatment 
removing the hardness caused by the 
previous working. At length, after 
its long journey, it appears as a flat 
tape, about one eighth of an inch in 
width and six thousandths of an inch 
in thickness, ready to be applied to 
the cable conductor. A similar pro- 
cess is carried out at Hawthorne ona 
commercial scale. 

Some of this laboratory’s output 
of permalloy takes the form of rods, 
wire or narrow rolled sheets. Perm- 
alloy dust is also produced: the cast 


2 


- 


C. V. Wahl heat-treats duralumin dia- 
phragms 


ingot, properly embrittled, is hot- 
rolled to develop the proper grain- 
structure and is then reduced to pow- 
der in ball-mills. 

Aluminum alloys are of importance 
in the communication art; their com- 
bination of strength and lightness 
makes them well suited as diaphragm 
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material. Sheets of these alloys are 
rolled out to thicknesses as small as 
three thousandths of an inch. Lead 
alloys suitable for cable sheathing 
also have their share of attention; 
after melting, to insure proper alloy- 
ing the metal is cast into slugs and ex- 


group alone there is an indefinite 
number of proportions in which the 
iron and nickel may be mixed which 
results in products of different mag- 
netic qualities. Sometimes other met- 
als are also added in small quantities 
to give some particular characteris- 


T he wire-drawing bench is one of the oldest of metal-working machines. Its modern 
counterpart in our Laboratories is operated by D. Wallace 


truded by a thousand-ton lead press 
into the form of samples for further 
tests of strength, fatigue, resistance 
and corrodibility and the study of 
changes of these properties with time. 

Since the metal working laboratory 
is used only for experimental pur- 
poses variety is the keynote of the 
alloys produced as well as of the 
equipment used. In the permalloy 


tic. The same is true of the alumi- 
num and other alloys that are han- 
dled in the base metal laboratory. 
The expeditious production of varied 
forms of metal with a minimum loss 
of material is dependent no less on 
the skill and experience of the chem- 
ists and metallurgists engaged in the 
work than on the completeness of 
the equipment. 
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Echo Elimination in Transatlantic Service 


By G. C. CRAWFORD 
Systems Development Department 


T AND a thousand feet from а 
cliff and shout toward it. 
About two seconds later your 

voice, having travelled to the cliff 
and bounced back, will return to you. 
This phenomenon, called an echo, 
may occur also on telephone circuits 
when the electric current meets any 
sudden change in circuit. conditions, 
such as a change from open wire to 
cable. Under these conditions, part 
of the current is reflected from the 
point where the change occurs and 
returns back over the circuit to its 
source where it reproduces, with re- 
duced volume, the sound sent out. A 
telephone echo, however, is not 
always caused by a reflection. Any- 
thing allowing a portion of the cur- 
rent to return to its source will pro- 
duce the same effect. 

The seriousness of an echo depends 
not only on its volume but on the 
time interval by which it follows the 
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original sound. Just as the echo 
present in a small room is not trouble- 
some, so the echo on relatively short 
telephone lines is not noticed by the 
user. In these cases, the echo occurs 
practically simultaneously with the 
original sound. But in loaded cables 
the time of transmission is much in- 
creased, and the longer distances over 
which such cable is now used are suf- 
ficiently great to cause trouble from 
this source. One of the most serious 
forms of echo develops on four-wire 
cable circuits. It is caused by an in- 
equality of impedances of two-wire 
circuit and network associated with 
each hybrid coil so that part of the 
current is allowed to return to its 
source. 

The four-wire circuit shown in Fig- 
ure I illustrates a typical set of cir- 
cumstances. Assume this represents 
a cable circuit from New York to 
Chicago. The little squares marked 
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Fig. 2—The New York and London circuit showing similarity between it and а 
four-wire land circuit 
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with an arrow аге repeaters and 
those enclosing an “N” are the bal- 
ancing networks. The voice current 
leaving New York passes through 
the hybrid coil and continues by the 
lower path toward Chicago where it 
arrives about five hun- 
dredths of a second 
later at the central 
point of the hybrid 
coil. If the balancing 
network at Chicago 
were a true equivalent 
of the local circuit, the 
arriving current would 
split in two, half go- 
ing to the network 
and half to the receiv- 
ing station. As the 
currents in the balanc- 
ed windings are equal but opposite in 
direction there would be no resulting 
induced current in the upper path. 
If the network is not an exact bal- 
ance, however, and it never can be 
made so practically, there is an in- 
equality in the current in the two 
branches which will induce a current 
in the upper circuit. This current 
will return to New York which it 
reaches in another five hundredths of 
a second, or one tenth of a second 
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after it left. The result will be an 
echo in New York. Due to the un- 
balance at New York this first echo 
will induce a current in the output 
circuit of its hybrid coil which will 
travel back to Chicago, producing an- 
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Fig. 1—Diagrammatic representation of four-wire circuit 


between New York and Chicago 


other echo there. If the gain in the 


repeaters were sufficiently great— 


greater than the loss in the hybrid 
coils and the line—this circulating 
echo would continue indefinitely, pro- 
ducing singing and making conversa- 
tion impossible. Іп general, tele- 
phone circuits are so adjusted that 
the size of the echo is well below a 
value that could possibly cause sing- 
ing. 

The transatlantic service is essen- 
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Fig. 2—The New York and London circuit showing similarity between it and а 
four-wire land circuit 
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tialy а four-wire circuit; the east 
bound side running by wire from New 
York to Rocky Point, thence by radio 
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Fig. 3—Schematic representation of the 
delay circuit used with the voice operated 
relays 


to Cupar and from there to London 
by wire, while the west bound side 
runs similarly from London to Rug- 
by, to Houlton and to New York. Due 
to this it is subject to the same echo- 
ing that may disturb any four-wire 
circuit. Because both Rocky Point 
and Rugby transmit at the same wave 
length, however, a condition exists 
which in a sense reunites the two 
paths for the length of the radio cir- 
cuit. In a normal four-wire channel 
the circuits in each direction are phy- 
sically separate so that leakage can 
not occur from one to the other, while 
in the transatlantic this separation 
breaks down over the radio path. 
The speech waves outward bound 
from Rocky Point will be picked up 
by Houlton and from there will be 
returned to New York as an echo. 


Due to the large power of the 
transmitter necessary to work across 
the Atlantic, and to the high gain in 
the receiving circuit, not only echoes 
but singing might occur around the 
local circuit—New York, Rocky 
Point, Houlton, and New York—if 
positive measures were not taken to 
avoid it. For this purpose voice op- 
erated relays are installed at New 
York which exercise such control over 
the transmitting and the receiving 
circuit that they can not both func- 
tion at the same time. Voice oper- 
ated devices accomplishing a similar 
function are used at the English end 
of the circuit. 

The method of operation of these 
devices at New York may be followed 
in Figure 2. A small portion of the 
voice current, outward bound from 
the hybrid coil at New York, is picked 
up by an amplifier-detector A. The 
amplified and rectified voice current 
leaving the amplifier-detector oper- 
ates the relays 1 and 3. Relay 3 in 
turn operates relay 5, which removes 
the short circuit that is normally 
across the outgoing circuit. Relay 1 
shorts the incoming circuit to prevent 
all echo and singing effects. 

There are complicating features 
however. No mechanical relay can 
operate instantly. From six to ten 
thousandths of a second is consumed 
by the operation of the relays used 
with this apparatus. Also, which is of 
even more importance, the voice 
sounds require an appreciable time to 
build up to the value required to op- 
erate the relays. Due to this, relay 
5 would remain closed for a short 
time after the conversation had 
started causing the first part of each 
outgoing sound to be absorbed. To 
avoid such a thing a delay network— 
D,— is inserted to retard the voice 
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current about twenty-two thou- 
sandths of a second. This gives relay 
5 ample time to operate. 

When transmission is in the oppo- 
site direction the incoming message, 
through an amplifying detecting de- 
vice D, operates relay 7, thereby 
short-circuiting the outgoing circuit. 
This is done to prevent the incoming 
current passing through the hybrid 
coil and operating the amplifier-de- 
tector A in the outgoing circuit which 
would operate relay 1, short-circuit- 
ing the incoming speech. To prevent 
such an occurrence before relay 7 
has had time to operate, a delay net- 
work—D,—has been inserted whicn 
holds up the voice for eleven thou- 
sandths of a second. This is suff- 
cient time to allow relay 7 to operate, 
making any such action impossible. 

Still other refinements are neces- 
sary. After the voice current termi- 
nating a phrase in New York passes 
the point where the amplifier-detector 
is connected, the current holding re- 
lay 3 open will stop flowing. The 
circuit would therefore be shorted 
before the speech, held up by the de- 
lay circuit D,, was ended. This con- 
dition is aggravated by the slow dy- 
ing down of the voice currents toward 
the end of a sound. Their value drops 
below the amount necessary to hold 
relay 3 open an appreciable time be- 
fore the sound is actually completed. 
To avoid such chopping off of syl- 
lables a time-delay is incorporated in 
relay 5 which holds it open long 
enough for all voice currents to pass 
through the delay circuit D,, to the 
point where the contacts of relay 5 
are located. This is obtained by a 
circuit, not shown on the diagram, 
which allows a condenser to be 
charged through the winding of relay 
5, holding it open for a short time 


after relay 3 has closed. The charg- 
ing takes place through a resistance 
and the time required is sufficient to 
allow the voice currents to pass 
through the delay circuit. 

The echoing, which may be so det- 
rimental to telephone conversations 
and has made necessary the use of 
these voice operated relays, is em- 
ployed to good advantage in the de- 
lay networks used in conjunction with 
them. As has been mentioned before 
the harmful effect of the echo is due 
to the time required for the electric 


Sensitive relay used for echo elimination 
on the transatlantic service 


current to pass through the circuits. 
The velocity of a current in an open 
wire circuit with little inductance or 
capacity is high, approximating that 
of light, but in loaded cable circuits 
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Panels mounting the delay circuits and 


voice operated relays. The five cylindri- 
cal covers im the center of the picture 
enclose the relays while the sections of 
the delay circuits are in the rectangular 
boxes mounted all around them 


is much less; the more inductance and 
capacitance the lower the velocity. 


The delay circuits are thus made up 
of sections of reactance and capaci- 
tance. To get the required delay of 
twenty-two thousandths of a second, 
it was found that 288 sections would 
be required. This was cut їп half by 
taking advantage of the echo effect. 
The input to the delay circuit is con- 
nected to the central points of a hy- 
brid coil as shown in Figure 3. The 
current here divides, half being ab- 
sorbed in the balancing network while 
half goes into the 144 sections of ar- 
tificial line. This is open circuited at 
the end causing the current to be re- 
flected or echoed back. In returning 
it passes again through the 144 sec- 
tions of line and through the hybrid 
coil in such a way as to induce a cur- 
rent in the output circuit. This is am- 
plified and continues as the delayed 
speech. 

Echoes have their advantages, 
therefore, as well as their disadvan- 
tages. True engineering lies in tak- 
ing advantage of their good points 
and suppressing their bad. The de- 
lay circuits and voice operated relays 
show how effectively this is done on 
the transatlantic circuit. 


Polishing the Contacts of Telephone Plugs 


By W. J. ADOLPH 
Apparatus Development Department 


ROM extensive handling the 
lb surfaces of switchboard 

plugs gradually become covered 
with a thin film of dirt and grease, 
which if neglected might prevent satis- 
factory electrical contact. According- 
ly, the plugs are cleaned at regular in- 
tervals to prevent circuit noise and to 
keep transmission at a high level. A 
portable buffing wheel driven by an 
electric motor has long been used, 
taken in turn to the various switch- 
board positions. While this method 
is rapid, and on most of the contact 
surface quite effective, it has one seri- 
ous limitation. The tip and ring con- 
tacts are lower than the sleeve and 
the dead-collar; to reach the de- 
pressed surfaces, the upstanding ones 
get rather more than their share of 
rubbing. It seemed that more thor- 
ough cleaning and appreciably longer 
plug life might be secured by a change 
in method. 

First was tried replacement of the 
bufing wheel by a rotating wire 
brush. But the contact surfaces, al- 
though they looked quite clean, were 
shown by noise and transmission tests 
to be worse after cleaning than be- 
fore — the metal brush had not 
rubbed the dirty film away, but mere- 
ly burnished it onto the surface. Fur- 
ther tests showed that best results 
were obtained when the plugs were 
rubbed slowly, with comparatively 
heavy pressure, and when a fine- 
gained polishing paste was used. 

Based on these experiments a sim- 


ple cleaning procedure has been 
adopted, using as a medium a short 
length of braided cotton cord coated 
at one end with polishing paste. The 
cord is looped around a plug and 
pulled back and forth, rubbing all the 
way around; first the coated end 15 
used, to scour away the dirt, and then 
the comparatively dry, dirty powder 
is rubbed away with the other end 
of the cord, or with a rag. Rubbing 
speed and pressure naturally applied 
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Polisher with plug inserted, ready for use 
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by a user are in the proper range for 
best results. Even the groove in the 
tip is cleaned thoroughly, since the 
cord, on account of its small diam- 
eter and yielding 
nature, can rub 
against sides and 
bottom. 

The holding 
fixture, a casting, 
slips over the 
lockrail and un- 
der the keyshelf, 
where on account 
of its shape it 
stays without 
clamping. Atthe 
back is a leather- 
lined chuck for 
grasping the plug 
shell; and at the 
front, facing it, 15 
a centering pin. 
The plug is 
pushed forward 
through the 
chuck until its 
tip is stopped by a cup-like depression 
in the end of the centering pin; then 


Frank Lohmeyer demonstrates the polisher, 
in whose development he had a consider- 
able part 


the chuck is closed. Support of the 
tip in this fashion braces the contact 
members, protecting them from bend- 
ing in case of too vigorous rubbing; 
the pin also holds 
the loop of cord- 
age between oper- 
ations and pre- 
vents interrup- 
tions to cleaning 
by slipping of the 
cord over the 
end of the plug. 
Simplicity and 
convenience are 
two advantages 
of this method. 
Needless wear of 
plugs is avoided, 
and there is less 
chance of harm- 
ing their insula- 
tion. Most im- 
portant of all, the 
contact surfaces 
are thoroughly 
cleaned and so 
kept fit for their essential duty in 
establishing telephone connections. 
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Radio Conference Delegates Visit the 


Laboratories 


4 | * HE delegates to the Interna- 
tional Radiotelegraph Con- 
ference which has been meet- 

ing at Washington since October 4, 

about three hundred in number, vis- 

ited the Laboratories on the after- 
noon of October 31, and in the eve- 
ning attended a demonstration of sev- 
eral recent developments held in the 
auditorium. Representing more than 
fifty nations and forty-one companies 


engaged in communication by radio- 
telegraph, the members met at the 
invitation of the United States Gov- 
ernment to bring up to date interna- 
tional treaty agreements on radio 
communications, which at present are 
in accordance with treaties signed on 
July 5, 1912, at the International 
Radiotelegraph Convention held in 
London. According to Secretary 
Hoover, elected President of the Con- 
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ference at the opening meeting, the 
fundamental purposes ''are to arrive 
at such modifications as may be neces- 
sary in existing international treaties 
as will promote the wider use, reduce 
the conflicts, and stimulate the fur- 
ther progress of radio in international 
communications." 

After having spent the morning in 
inspection of operating and test rooms 
of the Long Lines Department in the 
Walker-Lispenard Building and of a 
panel-type dial system office of the 
New York Telephone Company at 
the same location, the party went to 
the New York Telephone Company's 
building at 140 West Street. There, 
at a luncheon, the delegates were wel- 
comed on behalf of the Bell System 
by Mr. Gifford; before and after 
luncheon they visited several of the 
distinctive parts of the building. 

Then the party came to the Labo- 
ratories, where it was divided into 
groups of ten for a systematic inspec- 
tion of activities and equipment in the 
building. The groups started at dif- 
ferent points, but all covered the same 
ground as far as time permitted. To 
expedite the visit and to prevent 
confusion, each laboratory and room 
to be visited was provided with large 
descriptive placards in French, the 
ofhcial language of the Conference, 
and also in English. In addition the 
work being conducted in the various 
rooms was described briefly by the 
guides. Due to the efficient manner 
in which the tours were organized, 
practically every part of our Labora- 
tories was seen by the delegates, and 
many expressed surprise at the great 
diversity in the lines of investigation 
that compose the development pro- 
gram of the Bell System. 

After their rapid but extensive in- 
spection trip the delegates left at the 


end of the afternoon, to be guests of 
the American Telephone and Tele- 
graph Company at an informal din- 
ner at the Waldorf Astoria. 

From there they returned to the 
Laboratories at 8:30 to witness the 
demonstrations in the auditorium. 
As the guests assembled music was 
provided by a phonograph connected 
to a public address system. Then 
came a short program of motion-pic- 
tures synchronized with sound. Im- 
mediately following, Dr. Jewett 
spoke to the delegates briefly, wel- 
coming them from the standpoint of 
their scientific interests. 

At the end of Dr. Jewett's talk 
H. E. Ives gave a short talk on the 
principles and apparatus of televi- 
sion. Sending and receiving appa- 
ratus had been set up, and were there- 
upon put into operation. There was 
no outside connection, but pictures 
were sent from the transmitting ap- 
paratus and were reproduced, both 
enlarged and reduced in size, by the 
two sets of receiving apparatus. 

During the .television demonstra- 
tion, connection was made by trans- 
atlantic telephone with the London 
оћсе of the American Telephone and 
Telegraph Company so that the dele- 
gates could converse with guests | 
whom Mr. Shreeve and his associates 
had invited. There were provided in 
addition about a dozen receivers, 
giving an opportunity for more ex- 
tended listening than any person could 
make while he was talking over the 
circuit. Interest in the transatlantic 
conversations, so directly in line with 
the interests and scope of the Con- 
ference, was enhanced by the morning 
visit to the Walker-Lispenard Build- 
ing, where representatives had seen 
the handling of transatlantic calls by 
trafhc and technical operators. 
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Saving the Tracing in the Systems 
Drafting Group 


By W. L. HEARD 


Systems Development Department 


ARADOXICAL as it may 
P sound, most of the tracings 
used in the Bell System are 

not tracings. Underlying this anom- 
aly is the fact that usually tracings 
are very costly things, particularly 
those of some of the extremely com- 
plicated circuit drawings. А single 
tracing may be valued at as much as 
four or five hundred dollars. Because 
of this high cost every effort has 
been made both to utilize substitutes 
for the purpose of making blueprints, 
and to find more economical means 
of reproducing or making new trac- 
ings as they are required. Thus 
many of those used, instead of being 


actually hand drawn, are reproduced 
or built up from the original ones 
by inexpensive methods. 

As a result of this policy, very few 
prints are made from hand-made 
tracings. The heating that a tracing 
undergoes in passing through the 
blueprint machine dries it and ulti- 
mately cracks appear. When a new 
tracing has been finally approved, a 
number of vandykes are immediately 
made from it. These are brown 
prints on translucent paper which 
may be used as negatives for blue- 
printing purposes. Prints made from 
vandykes have blue lines on a white 
background and are easy to follow. 


Preliminary step in the reproduction of a tracing. Sections of vandykes of different 
drawings are pasted together in the proper relative positions before being placed on 
the gelatin 
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Section of final reproduced tracing made up as shown on the opposite page 


Some of the vandykes are left in the 
vault to be used for making prints 
and others are sent out to Haw- 
thorne or wherever prints of the 
drawings will be required. Another 
advantage of this system is that 
prints may be made while the orig- 
inal tracing is being changed. 

" Prevent deterioration of the trac- 
ing," is a guiding imperative of the 
Systems Drafting room. Not only 
are vandykes used for making all 
blueprints but the tracings themselves 
are handled by no one but the drafts- 
man working on them. Engineers’ ap- 
provals are obtained from blueprints, 
furnished specially for this purpose. 

While the wear on tracings is con- 
siderably reduced by this use of the 
vandykes, still greater savings are 
made by the use of reproduced trac- 
ings which further cut down the num- 
ber of hand-made drawings required. 
These are on regular tracing cloth 
and by the outsider could readily be 
mistaken for the more genuine ar- 
ticle. Two commercial methods of 
reproduction, the “See Bee" and the 
“Litho Print," are used. 

The “бее Bee" is regular tracing 


cloth, one side of which has been cov- 
ered with a sensitized coating which 
prints black when exposed to light. 
To make a reproduced tracing of this 
type, the sensitized cloth, in contact 
with a vandyke, is passed through the 
blueprint machine. The tracing 15 
then developed which leaves black 
lines on the transparent background. 
The “Litho Print" is made by a 
gclatin contact process on regular 
tracing cloth. A blueprint made from 
a vandyke is placed, before it is 
washed, on a special gelatin plate. 
The lines on the print, which have 
been exposed to light, etch into the 
gelatin. When the print is removed 
the gelatin is rubbed with a special 
ink which adheres only to the lines. 
The plate, being impressed on trac- 
ing-cloth, leaves an imprint which is 
equivalent to the original tracing. 
One of the principal savings due 
to these methods of reproducing 
comes not from making duplicate 
tracings but from building up new 
ones from sections of other drawings 
with new material added. It may be 
necessary to make a number of minor 
changes or additions, such as add- 
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ing coin-collecting features to stand- 
ard circuit drawings. To make com- 
pletely new tracings would be an 
enormous waste of time as perhaps 
on a large and intricate drawing only 
a few additional lines or notes need 
be supplied. 

The method used is to cut from a 
vandyke of the existing drawing those 
parts that will be used on the new 
one. These may be rearranged if de- 
sired; and they are then placed on 
the gelatin in their proper position. 
From this a reproduced tracing is 
made which may then be finished by 
hand by the addition in ink of the 
necessary circuits or equipment. Also 
typewritten notes may, by a similar 
operation, be incorporated in the 
reproduced tracing serving to make 
it more applicable to the specific 


purpose for which it is to be used. 

So flexible is the method that there 
is almost no end to its possible ap- 
plications. Scarcely a drawing is 
made that will not have on it some 
circuits that have appeared on pre- 
vious tracings. Whether they are 
drawn in anew or added by one of 
the reproduction methods is merely 
a question of balancing the time re- 
quired to draw them against the small 
cost of the mechanical reproduction 
which for an entire drawing is only 
from eight to ten dollars. Some idea 
of the savings possible may be gained 
when it is realized that just the use 
of the vandykes and approval prints 
with Systems drawing is paying divi- 
dends of almost twenty thousand dol- 
lars a year due to the decreased wear 
on tracings. 


Telephone Service Opened with Mexico 


ELEPHONE service be- 

| tween the United States and 
Mexico was inaugurated on 
September twenty-ninth by distin- 
guished gatherings in New York, 
Washington and Mexico City. Con- 
versations were held between Presi- 
dent Coolidge and President Calles, 
and between other prominent guests. 
In the course of his comments, 
President Coolidge remarked: “Соп- 
spicuous among the accomplishments 
of the present age is the extraordi- 
nary development of means for fa- 
cilitating communication between the 
nations of the world. . . . We owe a 
debt of gratitude to the engineering 
skill and public spirit on both sides of 


the boundary which has made pos- 
sible the new link between Mexico 
and the United States." 

More immediately applicable than 
he perhaps suspected, these remarks 
of President Coolidge were made of 
unique timeliness by the disastrous 
windstorm which centered its destruc- 
tion in St. Louis a few hours before 
the scheduled conversation. During 
the preceding week men of the Long 
Lines Department and of associated 
companies had been busy day and 
night fitting. together the various 
parts making up two lines between 
Washington and Mexico City. Be- 
cause of its unusual importance, the 
opening had been doubly safe- 
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Guests of honor at the ceremonies in Washington: 


— 


nnt | 
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Mr. Gifford; Dr. L. 8. Rowe, 


Director General of the Pan-American Union; Don Manuel C. Tellez, Am- 

bassador from Mexico; President Coolidge; Wilbur J. Carr, Acting Secretary 

of State; Henry B. Orde, Vice-Prestdent International Tel. and Tel.; T. G. 
Miller, General Manager, Long Lines Department 


guarded. Extra forces of linemen 
patrolled the lines at various points. 
Every man assigned to any part of 
the service in Washington, New 
York, Mexico City and the fifty re- 
peater stations between knew his 
duties thoroughly. At the beginning 
of the afternoon, when the ‘dress 
rehearsal’’ took place, all parts 
worked perfectly, on the emergency 
circuit as well as on that scheduled 
for use. It seemed that everything 
was in readiness for service of the 
highest order from the start. 

Then came a brief rest for lunch 
—and the St. Louis tornado! Both 
circuits were broken, and from news 
received by telegraph it was appa- 
rent that they could not be restored 
in time for the demonstration which 
was scheduled to take place within 
three and one half hours. 


There was no time to be wasted. 
Within fifteen minutes other routes 
were being chosen, and plans for the 
emergency were being prepared. 
More than two hundred men leaped 
to the job of building up anew a 
regular circuit and an emergency cir- 
cuit from Washington to Texas. Chi- 
cago was asked to get through to 
Muskogee, which was on the orig- 
inal route, via Kansas City; to New 
York was delegated the work of con- 
necting a circuit through Washington 
to Atlanta, Birmingham, New Or- 
leans, Alexandria and then to Shreeve- 
port, where is was connected to the 
original emergency circuit. 

Through this latter circuit was 
established at four o'clock the first 
contact with Mexico City following 
the break. Meanwhile the Chicago 
test room had succeeded in getting 
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a circuit—the one over which Presi- 
dent Coolidge and President Calles 
spoke—through Davenport, Omaha, 
Kansas City and Joplin to Muskogee. 
Both circuits were ready by the hour 
announced for the demonstration. 
Since the great speed had prevented 


adequate testing of any of the cir- 


cuits, two other routes were set up 
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WASHINGTON 
AND MEXICO CITY 


The solid line marks the circuit intended for 
use at the formal opening of service, and the 
line of dots, the scheduled emergency circuit, 
both broken by the storm at St. Louis. 
opening ceremonies used the circuits between 
Chicago and Muskogee, Oklahoma, by way of 
Davenport, Kansas City and Joplin. 
emergency was the line through Atlanta, Bir- 


The 


For 


mingham and New Orleans 


as an extra precaution, but were not 
needed. 

Ы . extraordinary development 
of means for facilitating communica- 
tion between the nations of the 
world. . . ." 

The President indeed spoke for 
all who hear even in part the story 
of such a victory. 
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News of the Month 


CHARLES С. DuBois has resigned 
from the Board of Directors of Bell 
Telephone Laboratories. In accept- 
ing his resignation as of September 
30, the Board resolved “ . . . that 
in accepting the resignation the board 
express to Mr. DuBois its deep feel- 
ing of regret at the loss to them and 
to the company of the wise counsel 
and advice of one who, as an or- 
ganizer of the company and a di- 
rector continuously from the begin- 
ning, had done so much to make Bell 
Telephone Laboratories, Incorpo- 
rated, a success.” 

* * * 

Mr. JEWETT and Mr. Craft were 
present in Washington at the official 
opening of telephone service to 
Mexico on September 29. 

* * * 

S. P. GRACE addressed the conven- 
tion of the United States Indepen- 
dent Telephone Association оп Oc- 
tober 20 in Chicago, on some recent 
developments of the Laboratories. 
Assisted by V. A. Schlenker and L. 
W. Davee, he demonstrated how 
speech, made unintelligible by fre- 
quency-inversion, can be understood 
when a second inversion is made. 


RESEARCH DEPARTMENT 


E. M. NoLr spent September 28 to 
30 at Providence, Rhode Island, in- 
specting a compression testing ma- 
chine for rubber, being built for the 
Laboratories by the Henry L. Scott 
Machine Company. 

A. К. КЕМР and C. S. Gordon 
were in Boston on September 22, vis- 
iting the Boston Woven Hose and 


Rubber Company and the Simplex 
Company in connection with work on 
friction tape and rubber covered wire. 

J. W. HORTON attended a special 
advisory committee on September 16 
at Washington, D. C., the function 
of which was to prepare a report on 
Methods of Frequency Measure- 
ments for the International Radio- 
telegraph Conference. 

W. WiLsoN, С. R. Englund, H. T. 
Friis, J. W. Horton and W. A. Mar- 
rison attended the meeting of the 
International Union of Scientific Ra- 
dio Telegraphy (U.R.S.I.) held at 
the National Academy of Science 
Building at Washington, D. C., the 
week of October 10. J. W. Horton 
and W. A. Marrison presented a joint 
paper at the meeting on “Precision 
Determination of Frequency". 

T. C. FRv attended a joint meeting 
of the American Mathematical So- 
ciety, Mathematical Association of 
America and American Astronomi- 
cal Society held in Madison, Wiscon- 
sin, September 6 to 9. 

H. A. FREDERICK and D. G. Blatt- 
ner made their regular bimonthly 
visit to the Victor Talking Machine 
Company at Camden, New Jersey, 
on September 22. 

J. W. Horton and Н. M. Stoller 
presented papers on television before 
a meeting of the Pittsburgh section 
of the А І.Е.Е. held on October 11. 

C. F. KELLER visited Hawthorne 
the latter part of September in con- 
nection with the howler test set. 

A. W. Hares, J. T. L. Brown and 
H. C. Pauly recently visited. Haw- 
thorne, being interested in handsets, 
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testing machines and deaf sets re- 
spectively. 

W. С. BREIVOGEL recently visited 
the Western Electric distributing 
house shops in Boston and Philadel- 
phia in connection with the handset 
job. 

S. T. ACKER recently returned 
from a two weeks' stay at Haw- 
thorne where he had investigated 
corrosion testing of duralumin for 
use in the stretched diaphragms of 
microphone transmitters. 

Е. Е. FARNSWORTH and А. С. Rus- 
sell went to Hawthorne on October 
6, being interested in the gold plating 
of transmitter parts. 

THE COLLOQUIUM resumed its 
meetings on October 10, when W. A. 
Shewhart spoke on “Тһе Analysis of 
Small Numbers of Observation". 

F. F. Lucas returned to the Labo- 
ratories early in October, after hav- 
ing addressed the International Con- 
gress for Testing Materials on Sep- 
tember 13, at Amsterdam, Holland. 
According to Iron Age, Mr. Lucas’ 
paper on high-power metallography 
was “undoubtedly the most interest- 
ing paper of the Congress. . . . On 
all hands it was admitted that a new 
impetus will have been given to the 
study of metallography by the de- 
velopments worked out by Mr. Lu- 
cas." 

Н. F. Hopkins installed and oper- 
ated an electric stethoscope connected 
to a public address system, used at a 
Joint meeting of the Queensboro Tu- 
berculosis and IIealth Association 
and the Medical Society of Queens, 
held September 27. 


APPARATUS DEVELOPMENT 
DEPARTMENT 
Н. B. ARNOLD is at Camden, New 
Jersey, working with the Sub-Com- 


mittee on Inductive Interference, Pro- 
ject No. 9 of the National Electric 
Light Association in a study of inter- 
ference between power circuits and 
telephone lines at carrier frequencies. 
For this purpose special power and 
telephone circuits have been con- 
tructed. 


OUTSIDE PLANT DEVELOPMENT 
DEPARTMENT 


ON OCTOBER то, L. V. Lodge was 
in Torrington, Connecticut, studying 
timber preservation problems. 

C. D. Hocker was in Key West, 
Florida, during October studying 
weathering of galvanized samples in 
connection with committee work of 
the American Society for Testing 
Materials. 

W. Н. S. Youry and О. B. Cooke 
were in Asbury Park during October 
conducting tests on guy anchors. 

DURING THE SECOND WEEK in Oc- 
tober, C. S. Gordon was in Chicago 
for development work on drop wire 
attachments. 


SYSTEMS DEVELOPMENT 
DEPARTMENT 


І. С. WirsoN and E. VROOM vis- 
ited Batavia, New York, to observe 
tests being made in connection with 
21-À repeater development. 

THE FIRST SHOP-MADE D-r re- 
peaters were tested at Hawthorne by 
A. C. Dickieson and F. H. Chase. 
К. М. Fetzer carried on several tests 
at Syracuse and Watertown on the 
D-1 carrier installation, which has 
been in service for several months. 

A. Е. BACHELEF and В. A. Le 
CONTE visited the repeater stations 
at Pittsburgh, Bedford and Ligonier 
In connection with experiments which 
have been in progress between Pitts- 
burgh and New York, directed to- 
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ward use of cables for broadcasting 
circuits. 

F. B. ANDERSON has been carry- 
ing on tests at Reading, Pennsylvania, 
on improved testing arrangements 
for repeater stations. 

С. К. VERNON 15 making tests on 
the new two-hundred point line find- 
ers which are being installed in the 
new step-by-step office at Utica, New 
York. 

P. T. SLATTERY visited Hartford, 
Connecticut, and Scranton, Pennsyl- 
vania, in connection with studies on 
step-by-step equipment. 

W. J. LACERTE observed opera- 
tion of the new cordless B switch- 
board at Mckeesport, Pennsylvania. 

J. R. STONE visited the General 
Electric Company’s factory at Fort 
Wayne, Indiana. 

G. C. CUMMINGS visited the new 
Cleveland toll office, to inspect sev- 
eral new features of the telegraph 
equipment. R. С. Koontz and С. A. 
Benson also visited the Cleveland 
office during the month. 

ON ACCOUNT OF the large addi- 


tion to be made to the Chicago toll. 


оћсе and changes in the present toll 
switchboard occasioned by change to 
the C. L. R. method of operation, 
J. W. Woodward went to Chicago 
for discussion of the project with the 
Telephone Company’s engineers. 

Н. T. LANGABEER and V. Т. 
CALLAHAN were at Buffalo, making 
tests on gas engines to be used for 
emergency power. 

С. F. ScHULZE and Е. Н. SMITH 
spent a week at Hawthorne. 

P. B. Murpuy, addressing the 
Men's Club of Nyack on September 
26, described some developments of 
the Laboratories and presented the 
moving picture film, “Тһе Magic of 
Communication". 


INSPECTION ENGINEERING 
DEPARTMENT 


DURING THE PAST MONTII, S. Н. 
Anderson, W. A. Boyd, H. F. Kor- 
theuer, W. C. Miller and A. Grendon 
were at Hawthorne for regular In- 
spection Survey Conferences. 

D. A. QUARLEs and S. H. Ander- 
son were at the Fort Wayne factory 
of the General Electric Company 
during the week of September 19 for 
a Survey Conference on fractional 
horsepower motors. 

On Остовек то, W. C. Miller 
and А. Grendon visited the factory 
of the Morkrum-Kleinschmidt Corpo- 
ration in Chicago. 

DURING THE WEEK of September 
19, R. B. Miller was in Philadelphia 
in connection with the trial of a sam- 
pling plan for use in the inspection 
of newly installed central office equip- 
ment. 

J. M. ScHAEFER, Local Field En- 
gineer at Omaha, visited. Helena, 
Montana, and Denver, Colorado, 
recently in connection with regular 
field work in his Territory. 


PATENT 


G. M. CAMPBELL, J. A. Hall, M. 
R. McKenney, G. T. Morris, G. H. 
Stevenson and W. B. Wells visited 
Washington during September and 
the early part of October in connec- 
tion with the prosecution of appli- 
cations for patents. 

DURING JUNE, JULY, AUGUST and 
SEPTEMBER patents were issued to 
the following members of the Labo- 
ratories staff: 


J. H. Bell К. E. Coram 

A. S. Bertels L. T. Cox 

N. Blount S. T. Curran 

H. Boving А. М. Curtis (5) 
J. T. L. Brown G. УУ. Elmen 


W. W. Carpenter 
E. H. Clark 


J. F. Farrington 
J. С. Ferguson 
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C. B. Fowler (2) 
J. С. Gabriel 

O. Gargan (2) 
W. Gent 

H. Graham 
Haddock (2) 

E. Hague 

N. Hampton (2) 
V. L. Hartlev (3) 
C. Harrison (2) 
A. Heising 

E. Hinrichsen 
D. Hocker (2) 
W. Horton (5) 
'. С. Houskeeper (5) 
. A. Hubbard (2) 
. E. Ives 

. B. Johnson (2) 

. B. Johnson 

. H. Johnson 

V. C. Jones (2) 

. W. Kelsay 

. R. Kemp 

. C. Kiesel 

. К. Lum 

. C. Mathes (2) 
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E. C. Mueller (2) 
W. A. Marrison 
D. D. Miller 
Mohr 

L. Nelson 
Nordenswan 

L. Norton 

. W. O'Neill (2) 
. А. Oswald 

F. Porter (2) 
M. Potts 

D. Richard 

L. Ronci (3) 
C. Schelleng (2) 
. E. Shea (2) 

. O. Smith 

. M. Stoller 

. S. Taylor 

A. Voos 

Vroom 

. P. Wennemer 
C. Wente 

B. Wheeler (2) 
. F. Whiting 

W. Whitney 

J. M. Wilson 
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GENERAL STAFF DEPARTMENT 


W. С. F. FARNELL was a delegate 


of Edward J. Hall Chapter of the 
Telephone Pioneers of America at 
the annual Pioneers convention, held 
September 20 and 21 at Colorado 
Springs. Mr. Farnell went and re- 
turned on a special train carrying 
Pioneers from New York and New 
England. 

A CONFERENCE of those who rep- 
resent the Bell System in its relations 
with educational institutions was held 
at Hawthorne September 22 to 30. 
From the Laboratories were G. B. 
Thomas, M. B. Long and John Mills. 
One session of the conference was 
addressed by President Jewett. 

THE ELECTRICAL STETHOSCOPE 
was explained and demonstrated to the 
Flushing Forum on September 26 by 
Paul B. Findley of the Bureau of 


Publication. 
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Bell Laboratories Club 


GOLF 

FTER many rainy week-ends, 
А the weather man presented 

our golfers with perfect 
weather for the tournament held at 
Salisbury Country Club on Saturdays, 
September 17 and 24. Sixty golfers 
teed off in the qualifying round of the 
Club's fifth tournament on the seven- 
teenth, and turned in scores indicat- 
ing that considerable time had been 
given to practice. Winners of the 
two prizes for low gross scores in 
the qualifying round were J. Hillier, 
82, and О. Cesareo, 87; Mr. Hillier’s 
score is the lowest at any of the Club 
tournaments. The two prizes for 
low net score were won by Е. C. 


Mueller, 66, and E. Peterson, 67. 


The thirty players qualifying for 
the finals were: 


J. Hillier J. €. Kennelty 
E. H. Clark J. B. Retallack 
O. Cesareo M. R. McKenney 
H. W. Wood A. F. Kane 

S. J. Lambert L. N. Hampton 
R. J. Nossaman J. V. Moran 

N. H. Thorn E. J. Canavan 
A. L. Johnsrud W. H. Clarkson 
G. W. Haglund W. F. Johnson 
І. С. Ноу Н. І. Downing 
С. E. Kellogg G. H. Heydt 

A. А. Reading C. H. Achenbach 
E. C. Mueller A. F. Price 

E. Peterson D. A. Quarles 
W. H. Harvey A. W. Lawrence 


All those who qualified participated 
in the finals, and in addition some of 
the other golfers played September 
24. Scores were exceptionally good. 
The players had been divided into 
two classes on the basis of their scores 
in the qualifying round; four prizes 
were awarded in each group, and in 
addition a prize was given to the 


player with low gross score for 36 


holes. The winners were as follows: 
CLass A 


Low Gross Score—H. W. Wood.......... 84 
Low Net Score—R. J. Nossaman......... 69 
Second Low Net Score—G. W. Haglund.. 73 
Third Low Net Score—A. A. Reading..... 73 
Crass В 
Low Gross Score—A. W. Lawrence........ 92 
Low Net Score—W. Н. Harvey............ 69 
Second Low Net Score—J. V. Moran...... 69 
Third Low Net Score—J. C. Kennelty..... 70 


Low Net Score for 36 Holes—E. C. Mueller 139 
BOWLING 

The Bowling League opened the 
1927-28 season on Friday evening, 
September 30, at Dwyer’s Bowling 
Alleys, 1680 Broadway. The Bowl- 
ing Committee received entries from 
one hundred and fifty men wishing 
to bowl as regulars, and to accomo- 
date such a large number organized 
an additional group, D. The Club 
will use twenty-eight alleys each week, 
for a twenty-eight week season. 

In addition names of about a hun- 
dred men were received who wished 
to bowl as substitutes. The substitute 
Committee is always glad to hear 
from men who desire to bowl irregu- 
larly. Such men may have their 
names placed on the substitute list 
by communicating with C. W. Lowe, 
Chairman of the Substitute Commit- 
tee. 

All league games will start prompt- 
ly at 5:45. Тһе charge for each 
evening's bowling is one dollar and 
ten cents per man. 

HIKING 

The Hiking Club’s November 
schedule appears on the following 
pages. Those interested can obtain 
further information from Phyllis 
Barton. 
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TUESDAY, I: 


WEDNESDAY, 2: 


THURSDAY, 3: 


Гвюірлү, 4: 


SATURDAY, 5: 


Monpay, 7: 


Turspav, 8: 


WEDNESDAY, 9: 


THURSDAY, 10: 


FRIDAY, II: 


SATURDAY, I2: 


Monpay, 14: 


TUESDAY, 15: 


Bell Laboratories Club 


Basketball, Men, Labor Temple, 5:30 p.m. 
Symphony Orchestra Rehearsal, Auditorium, 6 p.m. 
Women’s Bridge Club, Rest Room, 5:15 p.m. 


Women’s Swimining Class, Carroll Club, 5:30 p.m. 
Basketball, Men, Labor Temple, 5:30 p.m. 


Bowling League, Dwyers Manhattan Alleys, 5:45 p.m. 
Athletic Dancing Class, Women, Louis Vecchio’s Studio, 
5:30 p.m. 


Horseback Riding, Unity Riding Academy 
Chess, Commercial Chess League Tournament 


Men’s Bridge Club, Room 273, 6 p.m. 
Basketball, Women, Manhattan Trade School, 5:30 p.m. 
Women’s Swimming Class, Carroll Club, 7 p.m. 


Hike, Grassy Sprain Reservoir 


Women’s. Swimming Class, Carroll Club, 5:30 p.m. 

Basketball, Men, Bell System League Tournament 
Stuyvesant High School, 7:30 p.m. Dancing after the 
game. 


Basketball, Men, Labor Temple, 5:30 p.m. 


Bowling League, Dwyers Manhattan Alleys, 5:45 p.m. 
Athletic Dancing Class, Women, Louis Vecchio’s Studio, 
5:30 p.m. 


Horseback Riding, Unity Riding Academy 


Mews Bridge Club, Room 273, 6 p.m. 

Basketball, Women, Manhattan Trade School, 5:30 p.m. 

Women’s Swimming Class, Carroll Club, 7 p.m. 

Basketball, Men, Bell System League Tournament, Stuy- 
vesant High School, 8:30 p.m. Dancing after the game. 


Basketball, Men, Labor Temple, 5:30 p.m. 
Symphony Orchestra Rehearsal, Auditorium, 6 p.m. 
Women’s Bridge Club, Rest Room, 5:15 p.m. 
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Calendar for November, 1927 


WepneEspay, 16: Women’s Swimming Class, Carroll Club, 5:30 p.m. 
Tuurspay, 17: Basketball, Men, Labor Temple, 5:30 p.m. 


FRipAY, 18: Bowling League, Dwyers Manhattan Alleys, 5:45 p.m. 
Athletic Dancing Class, Women, Louis Vecchio’s Studio, 
5:30 p.m. е 


SATURDAY, 19: Hike, Hunter Island 
Riding, Unity Riding Academy 
Chess, Commercial Chess League Tournament 


Mowpav, 21: Mews Bridge Club, Room, 273, 6 p.m. 
Basketball, Women, Manhattan Trade School, 5:30 р.т. 
Women’s Swimming Class, Carroll Club, 7 p.m. 


Tuespay, 22: Basketball, Men, Labor Temple, 5:30 p.m. 
Symphony Orchestra Rehearsal, Auditorium, 5:35 p.m. 
Women’s Bridge Club, Rest Room, 5:15 p.m. 


WEDNESDAY, 23: Women’s Swimming Class, Carroll Club, 5:30 p.m. 


FRIDAY, 25: Bowling League, Dwyers Manhattan Alleys, 5:45 p.m. 
Athletic Dancing Class, Women, Louis Vecchio’s Studio, 
5:30 p.m. 


SATURDAY, 26: Riding, Unity Riding Academy 
SUNDAY, 27: Hike, Midvale to Suffern 


Monpay, 28: Mews Bridge Club, Room 273, 6 p.m. 
Basketball, Men, Stuyvesant High School, 7:30 p.m. 
Basketball, Women, Manhattan Trade School, 5:30 p.m. 
Women’s Swimming Class, Carroll Club, 7 p.m. 


Turspav, 29: Basketball, Men, Labor Temple, 5:30 p.m. 
Symphony Orchestra Rehearsal, Auditorium, 5:35 p.m. 
Women’s Bridge Club, Rest Room, 5:15 p.m. 


WEDNESDAY, 30: Women’s Swimming Class, Carroll Club, 5:30 p.m. 
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Tuesday, November eighth, elec- 
tion day, the group will walk from 
Van Cortlandt Park to Grassy Sprain 
Reservoir, a distance of eight miles 
over dirt roads. 

Saturday, November nineteenth, 
they will start from the entrance to 
the new building and go to Hunter 
Island. This is to be a short hike, 
over trails and dirt roads, and leads 
to a very attractive spot. 

Sunday, November twenty-seventh, 
the hike will be more strenuous. It 
will lead from Midvale to Suffern, 
over fourteen miles of trails and cross 
country roads in the Ramapo Moun- 
tains. 

GLEE CLUB 

With a professional instructor and 
. an interested crowd, there should be 
many enjoyable evenings at the new 
Glee Club. D. D. Haggerty and Ada 
Van Riper will be glad to give in- 
formation to all who want it. 

PHOTOGRAPHIC CONTEST 

Now is a good time for camera 
users to busy themselves in prepara- 
tion for this year’s photographic con- 
test, to be announced later. 

CHRISTMAS PosrER CONTEST 

There is to be a contest this year 
open to everybody. Those gifted 
with the ability to design and make 
posters are asked to send in their 
entries by December first. All post- 
ers should be twelve by sixteen inches, 
in not more than three colors and 
with space left for a Christmas Greet- 
ing which will be inserted after the 
winning entry has been chosen. The 
posters will be judged by an impartial 
committee, and one or more of the 
best will be reproduced and displayed 
on the bulletin boards. 

MEN's BRIDGE CLUB 
The men’s bridge club held the first 


meeting on Monday evening, October 


10 at 6 P. M., in Rooms 273 and 
275. Its tournament will extend over 
a period of ten weeks with meetings 
every Monday evening at the same 
time and place. Each player taking 
part is charged fifty cents weekly. 
L. P. Collins, section 6D, extension 
563, is always glad to welcome bridge 


players who wish to take part in the 


activities of the club. 
WOMEN's CLUB ACTIVITIES 


Swimming. Those near the pool 
of the Carroll Club any Monday or 
Wednesday night can tell from Miss 
Steil’s whistle that the Laboratories 
Club Class has started. There are 
thirty-three in the Wednesday class 
and twenty-six on Monday. The po- 
tential swimmers are divided into 
groups according to ability, and re- 
ceive instruction within the groups. 
Watching a first dive or a swimmer 
float across the pool for the first time 
brings as much of a thrill to observ- 
ers as to the swimmer. Everyone is 
showing progress even at this early 
date under the new plan. 

Dancing. Twenty-five members 
arrived at Mr. Vecchio's studio on 
October fourteenth for the year's 
first lesson of the dancing class. All 
were pleased to see that the studio 
Is larger, and that indications pointed 
to most interesting work this year. 

Basket-ball. There is not much 
news yet about the Women's Basket 
Ball Team, except that they are prac- 
ticing for games later in the season. 

Bridge. The first game of the sea- 
son for women was played on Tues- 
day, October fourth, in the Rest 
Room, with twenty-four players pres- 
ent. Since then these bridge enthusi- 
asts have been playing each Tuesday 
night. Katherine Munn will appreci- 
ate it if those wishing to play will let 
her know by Monday. 
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A Statement of Policy 


By WALTER S. GIFFORD 
President, American Telephone and Telegraph Company 


Before the National Association of Railroad and Utilities Commissioners 


ROADLY considered, you as 
B Public Utility Commissioners 

and we in the telephone busi- 
ness, are engaged in a common enter- 
prise; our success must depend upon 
mutual confidence and understanding. 
In the current performance of our 
daily tasks it is possible to lose sight 
of the ultimate aim and goal of our 
endeavors. With the thought in 
mind that it may prove helpful, I 
wish to state very briefly the prin- 
ciples that guide the management of 
the Bell System. 

There are today over 420,000 
stockholders of the American Tele- 
phone and Telegraph Company and 
no one of them owns as much as one 
per cent of the capital stock. The 
business of this Company and its 
Associated Bell Telephone Com- 
panies, whose common stock is largely 
owned by this Company, is to furnish 
telephone service to the nation. This 
business from its very nature is car- 
ried on without competition in the 
usual sense. 

These facts have a most important 
bearing on the policy that must be 


followed by the management if it 
lives up to its responsibilities. The 
fact that the ownership is so wide- 
spread and diffused imposes an un- 
usual obligation on the management 
to see to it that the savings of these 
hundreds of thousands of people are 
secure and remain so. The fact that 
the responsibility for sucha large part 
of the entire telephone service of the 
country rests solely upon this Com- 
pany and its Associated Companies 
also imposes on the management an 
unusual obligation to the public to see 
to it that the service shall at all times 
be adequate, dependable and satis- 
factory to the user. Obviously, the 
only sound policy that will meet these 
obligations is to continue to furnish 
the best possible telephone service at 
the lowest cost consistent with finan- 
cial safety. This policy is bound to 
succeed in the long run and there is 
no justification for acting otherwise 
than for the long run. 

It follows that there is not only 
no incentive but it would be contrary 
to sound policy for the management 
to earn speculative or large profits 
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for distribution as “тпе1оп$”' or extra 
dividends. On the other hand, pay- 
ments to stockholders limited to rea- 
sonable regular dividends with their 
right, as the business requires new 
money from time to time, to make 
further investments on favorable 
terms, are to the interest both of 
the telephone users and of the stock- 
holders. 

Earnings must be sufficient to as- 
sure the best possible telephone ser- 
vice at all times and to assure the 
continued financial integrity of the 
business. Earnings that are less than 
adequate must result in telephone ser- 
vice that is something less than the 
best possible. Earnings in excess ot 
these requirements must either be 
spent for the enlargement and im- 
provement of the service furnished 
or the rates charged for the service 
must be reduced. This is fundamen- 
tal in the policy of the management. 

The margin of safety in earnings 
is only a small percentage of the rate 
charged for service, but that we may 
carry out our ideals and aims it is 
essential that this margin be kept 
adequate. Cutting it too close can 
only result in the long run in deter- 
ioration of service while the tempor- 
ary financial benefit to the telephone 
user would be practically negligible. 

Our policy and purpose are the 
same as yours—the most telephone 
service and the best, at the least cost 
to the public. Without overlooking 
the fact that we lack the big money 
incentive for maximum profits and 
the drive for improvement that re- 
sults from active and strong compe- 
tition, we believe the telephone com- 
pany is organized to make continuous 
and effective progress. 

Professor Cabot of the Harvard 


Business School made the following 


comment on the Bell System: “The 
thing is a modern miracle which I 
can only explain to myself by assum- 
ing that the men who conceived, cre- 
ated and have developed the tele- 
phone were men of the rare automo- 
tive type whose driving power came 
from within, and who, therefore, did 
not need the external stimulation 
which competition alone can give.” 

Undoubtedly a very great factor 
in the continued progress and im- 
provement of telephone service is the 
intangible but quite real spirit of ser- 
vice that has become a tradition in 
the telephone business, but the re- 
sults of the Bell telephone business 
have a broader foundation than the 
one Professor Cabot has recognized. 
It is fundamental in our plan of or- 
ganization to have at headquarters 
and in our laboratories several thous- 
and people whose sole job it is to 
work for improvement. They are 
engaged in studying what is used in 
the telephone business and how it is 
used and endeavor to find a better 
thing or a better way. Of course, the 
people who are engaged day by day 
in trying to maintain a high standard 
of telephone service are doing their 
part, and a most important part, in 
increasing the quality and keeping 
down the cost of service, but progress 
is assured by having a large group of 
scientists and experts devoted exclu- 
sively to seeking ways and means 
of making the service better and 
cheaper. 

It is now nearly 20 years since the 
State Commissions generally took 
over the duties of regulating the 
telephone companies. During those 
20 years the physical results of your 
regulation and our operation are im- 
pressive. In 1907 there were about 
6,000,000 telephones in the United 


{102} 


States but they were only partially 
interconnected, while today there are 
over 18,000,000 telephones in the 
United States so interconnected that 
it is possible for practically any one 
of the 18,000,000 to be connected 
with reasonable promptness with any 
other one of the 18,000,000. Thus 
today, practically any one anywhere 
can talk by telephone with any one 
else, anywhere else in the country. 
Moreover, any one in the United 
States can now converse by telephone 


with any one in Great Britain, Can- 
ada, Cuba and the principal cities of 
Mexico. This is real progress in ex- 
tent and facility of communication, 
but we realize we are still far from 
our ultimate goal. 

With your sympathetic understand- 
ing we shall continue to go forward, 
providing a telephone service for the 
nation more and more free from im- 
perfections, errors or delays, and al- 
ways at a cost as low as is consistent 
with financial safety. 
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New York-Cleveland Cable Completed 
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The first billion-dollar mark in Bell System plant investment took 
forty-one years to reach. Another billion was added in six years, while the 
third billion-mark was passed some time last August, less than four years 
later. Of these huge sums and of the $270,000,000 which will have been 
expended for net additions to plant during 1927, а large part has been 
invested in equipment developed in Bell Telephone Laboratories. 

For example, lead-antimony cable sheath, permalloy - and tron-dust 
cores for loading coils, vacuum tubes and their associated circuits, and the 
metalic morse system are outstanding elements of the recently completed 


New York-Cleveland toll cable project. 


This cable will provide facilities 


for more than 250 telephone conversations and 500 telegraph messages. 
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Fifty Years of Telephone Plugs 


By PAUL NEILL 


Apparatus Development Department 


N the first commercial tele- 
phone switchboard, installed 
in New Haven in January, 

1878, the connections between sub- 
scribers were made by means of crude 


switches consisting of pivoted metal 
strips fitted with hard rubber han- 


Warner jack and plug, brought out im 
1882 


dles. These made contact with metal 
buttons screwed into the wood from 
which the switchboard was made. 
In certain other switchboards built 
about the same time, each line, which 
used only a single wire with ground 
return, was terminated on a metal 
bar. Between these, contact was 
made by insertion of brass pegs such 
as are used extensively in railroad 
telegraphy and in some forms of 
Wheatstone bridge. 

Though switchboards were made 
less bulky by use of peg-type plugs, 
the growing demand for telephone 
service showed that other lines of 
development must be followed to at- 
tain greater flexibility and compact- 


ness. Consequently in the fall of that 
same year Charles Williams of Bos- 
ton built a switchboard employing 
pairs of plugs connected by cords. In 
these, the first telephone plugs with 
attached cords used commercially, 
there was a single conductor, ade- 
quate for the simple circuits of that 
time. 

In 1882 came an approach to pres- 
ent apparatus, the plug and jack de- 
veloped by J. C. Warner in Chicago, 
and used in the ‘‘Standard’’ Western 
Electric switchboard which was pro- 
duced that year. The plug was made 
with rounded tip contact and cylindri- 
cal sleeve, separated by a tube of in- 
sulation; connections to the cord were 
made externally, on opposite sides. 
Though crude when judged by to- 
day’s standard, this plug marked a 
direct and most prominent step to- 
ward those now in use. 

Changes in switchboard design fol- 
lowed each other in close succession 
to take care of the rapidly growing 
list of subscribers and the steadily in- 
creasing trafic. With the changes 
came need for improvement in plugs 
and jacks, and reduction in size so 
that they could be placed closer to- 
gether. Тһе individually-mounted 
jacks were decreased in size, and then 
were supplanted to a large extent by 
jacks mounted in strips; by this means 
the space needed for the mounting 
was greatly reduced. At the same 
time the plugs were made smaller, 
and the connections were made in- 


side the shells. Thus the ends of the 
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conductors were protected, making it 
possible to place the jacks much clos- 
er together. 

With the development of metallic 
circuits, а third contact member in 
the plug became necessary to take 
care of the three conductor multiple. 
Accordingly a three-contact plug— 
No. 37—was brought out about 
1891. Тһе contact members were 
tip, ring, and sleeve as at present, 
but the profile was considerably dif- 
ferent from that of today, since ring 
and sleeve were of the same diameter. 
The ring contact surface was sepa- 
rated from tip and sleeve only by nar- 
row collars of hard rubber. This 
plug was followed by several others 
of approximately the same shape and 
general design. About 1897 came 
the No. 49 jack, and with it a new 
plug, No. 64. Between tip and ring 
was a wide insulator of hard rubber, 
having the same diameter as the 
sleeve; the diameter of the ring was 
less, about the same as that of the 
tip. This plug, whose profile showed 
the direction which development 
would take, gave good results electri- 
cally, but wear on the insulating col- 
lar was excessive, and there were 
other mechanical difficulties. This 
plug was very shortly superseded by 
the No. 104, in which the broad rub- 
ber collar was replaced by a band of 
brass insulated from other parts of 


the plug, termed the “dead collar". 


This band acts as a spacer between 
tip and ring, preventing them from 


touching simultaneously the ring con- 
tact spring or the sleeve of the jack 
during insertion or withdrawal. 
About 1905 the No. 104 plug was 


The No. 47 plug, used for test boards, 
magneto switchboards and private branch 
exchanges 


replaced by the present No. 110, 
which is similar in general design but 
is marked by several changes in pro- 
file. One point of improvement, 
whereby the tip and ring of the plug 
were more effectively prevented from 
coming into contact with the sleeve 


Sectional view of the No. 109 plug, enlarged by two thirds 
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of the jack, was use of a dead collar 
with flat top in place of the collar 
with rounded outer surface which 
had been used on No. 104 plug. 
During these developments, in- 


Twin plug used at toll test boards 


crease in the number of telephone 
subscribers and growth of telephone 
trafhc had continued rapidly, necessi- 
tating further compactness of tele- 
phone facilities. The size of jacks 
and plugs was an important factor in 
limiting the number of lines which 
could be terminated within reach of 
an operator. The minimum spacing 
for No. 49 jacks, both vertical and 
horizontal, is 7/16 inch, and so to 
meet the demand for economy of 
space, No. 92 jacks, which are spaced 
3. 8 inch apart, were brought out in 
1901. Ву their use in the multiple 
of B-switchboards as many as ten 
thousand five hundred lines are termi- 
nated within reach of a single oper- 
ator. With this jack came a corre- 
sponding plug, the No. 101, similar 
to the larger No. 104 design; it was 
replaced about 1904 by the No. 109, 


which remains the smallest standard 
Western Electric plug made with 
three conductors. Approximately 
four hundred thousand of these plugs 
are made each year, and almost as 
many of the No. 110; there are prob- 
ably a million of each of these models 
in service throughout the country. 
The construction of these two cur- 
rently-used plugs is almost the same 
except for size. On each, connection 
of the cord tip and ring is made with 
small button-head binding screws in- 
side the shell. Connection to the 
sleeve is made by folding the bare 
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Plug with resistance unit for use in tele- 


graph circuits 
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end of the sleeve conductor back over 
the cord insulation. Then when the 
cord is screwed into the open 
threaded end of the sleeve, the ex- 
posed conductor is wedged against 
the inner threads, and makes contact 
with them. In addition the outer 
braid of the cord is held by these 
threads, so that the strain is borne by 
the outer braid rather than by the 
conductors. Essentially these plugs 
are made up of concentric tubes, alter- 
nately of metal and of insu- 
lation. The principal mem- 
ber, outermost, is of brass; 
at one end it forms the sleeve 
contact, and at the other the 
body, around which the shell 
is placed. Directly inside is 
a tubular insulator, with a 
flange at the end to form a 
spacer between sleeve and 
ring. Inside this insulator is 
a thin brass tube, bearing at 
one end a flange which forms 
the ring contact and at the 
other end a short brass rod, 
semicircular in cross-section, 
to which the ring conductor 
of the cord is fastened by a 
binding screw. Enclosed in 
the ring tube is another in- 
sulating tube, and inside that 
is a steel rod which forms 
the center and backbone of 
the plug. To the outer end 
of the rod the tip contact is 
screwed, and at the other end 
is fastened a connection plate to which 
the tip conductor of the cord is fas- 
tened. The dead collar, made of an 
alloy chosen for its wearing qualities, 
is placed between tip and ring; it is 
separated from them by insulating 
washers, and from the plug center by 
the inner insulating tube. The tubu- 
lar shell by which an operator grasps 


the plug is of fibre, fastened to the 
main body by a small screw. Нап- 
dling of these shell screws, and the 
binding screws as well, is facilitated 
by a small hole at the center of each, 
which fits the tapered prong of a spe- 
cial screwdriver. . 

Although by far the greater part 
of the plugs made each year are No. 
109 or No. 110, there are many 
others used for various purposes. 
Most common of these is the No. 47, 


Lwin plug with resistance unit, for balancing toll 


circuits during testing 


of which about 60,000 are made an- 
nually. It is used principally for pri- 
vate branch exchanges, magneto 
switchboards and test boards. The 
sleeve is a quarter inch in diameter, 
and the tip, pear-shaped, is slightly 
smaller. 

In addition there are a number of 
"twin" plugs, essentially two plugs 
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mounted in a single shell or handle. 
Twin plugs now in general use have 
their "fingers" mounted flexibly to 
permit them to align themselves 
readily with jacks whose spacing va- 
ries somewhat. In most of the twin 
plugs the individual fingers are two- 
conductor units, of which the part en- 
tering the jacks is practically the 
same as the corresponding part of the 
No. 47 plug. Examples are plugs 
used for connecting operators’ head- 
sets, and those used for toll test 
boards. Other twin plugs have three 
conductors in each finger, and consist 
of two No. 110 plugs mounted with 
a single shell. They are used princi- 


pally for connecting the balancing 
network of cord circuit repeaters. 

In addition to such plugs as have 
been described, there are in the tele- 
phone plant many contact-devices of 
unique design for special purposes. 
Some, in the form of plugs, contain a 
resistance unit in series with their con- 
tacts. Others, of entirely different 
construction, are used in dial systems 
for emergency transfer of trafic from 
one circuit to another, and many have 
as many as sixty-six contacts. But al- 
though classed as plugs, these are 
very different from the simple, com- 
pact little members through which 
billions of calls are completed yearly. 
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Humidity Test Equipment 


By E. B. WOOD 
Apparatus Development Department 


ILDEWED garments and 
М swelling or sticking bureau 
drawers are commonplace 
phenomena in the summer time. They 
are particularly so in rainy weather. 
In winter, on the other hand, in 
heated homes, a shrinkage or warp- 
ing of furniture and doors is equally 
common. If we seek the causes of 
these changes in materials between 
summer and winter we find it due 
to the amount of moisture or water 
vapor which is in the air and there- 
fore available for absorption by wood 
or other fibrous or absorbing sub- 
stances. In a room having a volume 
of one thousand cubic feet the air in 
winter contains normally less than 
one-fifth of a pint of water in the 
form of vapor while in summer the 
amount may be one and a half pints, 
or more than seven times the winter 
quantity. 


The amount of water vapor in the 
air is generally measured in per cent 
of the maximum amount the air can 
hold at that temperature and pres- 
sure. This percentage 15 usually 
spoken of as the relative humidity. 
The summer condition mentioned 
above corresponding to approximate- 
ly ninety per cent relative humidity 
at 85 degrees Fahrenheit is so near 
to the saturation point that the addi- 
tion of one-fifth of a pint of vapor- 
ized water or a drop of three degrees 
in temperature would result in the 
formation of fog. 

It is not surprising in view of these 
data and experiences that telephone 
apparatus with its complex electrical 
circuits апа closely adjusted moving 
parts should be especially susceptible 
to the effects of moisture. The im- 
portance of such effects has been rec- 
ognized in the design of telephone 
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apparatus for many 
years. However, as 
the extension of ma- 
chine-switching and 
long distance commu- 
nication systems has 
demanded closer oper- 
ating limits and more 
rigid requirements for 
apparatus, the impor- 
tance of atmospheric 
conditions has greatly 
increased and a more 
precise knowledge of 
their effects has been 
required. 

In response to the 
demand for improved 
facilities for the study 
of the effects of hu- 
midity, laboratory 
testing methods and 
equipment have been 
completely revised within recent years 
and additional testing facilities are 
constantly being provided as the vol- 
ume of humidity testing increases. 
The equipment in present use in the 
General Development Laboratory 
may be divided into three groups 
comprising large cork insulated 
rooms, air-tight stationary chambers 
and small portable units. 

In the first group we have three 
rooms, each of approximately 1500 
cubic feet capacity. The temperature 
and humidity of each are controlled 
by a system of sprays and water- 
cooled radiators or electric heaters, 
through which the air from the room 
is circulated by a centrifugal blower 
and so is conditioned as desired. This 
apparatus is capable of reproducing 
atmospheric conditions ranging from 
3096 to 95% in humidity and from 
70 degrees to 110 degrees F. in tem- 
perature, thus covering practically the 


Interior of large cork-insulated room, showing cable wires 
and terminal blocks undergoing test 


entire range of conditions normally 
existing in telephone buildings. The 
operation of the equipment is auto- 
matic and the accuracy normally ob- 
tained is plus or minus one per cent 
in humidity and plus or minus one- 
half degree F. in temperature. ‘These 
rooms are large enough to permit the 
testing under actual operating condi- 
tions of large pieces of assembled ap- 
paratus as well as small parts and 
raw materials. An important feature 
of this equipment is its flexibility, per- 
mitting sudden changes in humidity 
and temperature to be made and 
thereby allowing apparatus to be 
studied under the fluctuating condi- 
tions which have been found to exist 
in nature. 

In the second group we have two 
chambers, one of fifty and the other 
of four cubic feet capacity. These 
consist of an inner air-tight chamber 
within a surrounding compartment 
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which is thoroughly heat-insulated 
from the outside air. The humidity 
in the inner chamber is controlled by 
the use of a solution of sulphuric acid 
contained in a large shallow lead tray 
over which the air is circulated by a 
fan. The manner in which the sul- 


phuric acid and water control the 
humidity will be discussed later. The 
temperature is controlled by thermo- 
statically regulated electric heaters. 
located in the eight-inch surrounding 
compartment. For temperatures be- 
low room temperature an ice-box is. 


Small air-tight chamber for accurate humidity 


control 


provided through which the air in the 
outer enclosure is circulated by a 
blower. The walls of the inner cham- 
ber are composed of layers of wood, 
paper, air spaces and cork, and heat- 
ing and cooling are accomplished by 


means of heat conduction through 
these walls from the outer air spaces. 
This arrangement lends itself to ex- 
tremely accurate control of tempera- 
ture and humidity within the inner en- 
closure, the variations under normal 
operating conditions being too small 


«for'measurement. This may be called 


precision equipment. Itis best adapted 


“for use in tests requiring constant 


humidity and temperature for com- 

paratively long periods such as cor- 
rosion tests, or for tests requiring 
extremely accurate and constant at- 
mospheric conditions. 

. . The type of portable equip- 
ment comprising the third 
group was developed in re- 
sponse to the demand for a 
low cost equipment suitable 
for use in commercial inspec- 
tion-testing of raw materials 
and manufactured articles 
such as wire and small appa- 
ratus, and to provide addi- 
tional equipment for labora- 
tory testing. Twelve or more 
of these units are now avail- 
able, each having a capacity of 
approximately eight cubic feet. 
This equipment consists of a 
large earthenware crock sur- 
ounded by a wooden case, the 
space between the crock and 
case being filled with granular 
cork for heat insulation. A 
thick wood top is provided on 
which is mounted a small 
blower for circulating the air 
in the crock, a rack for hold- 
ing samples, and a heater lamp 

controlled by a thermostat located in 

the blower intake duct. Humidity is 
controlled by a saturated solution of 

a suitable inorganic salt. The humid- 

ity within the enclosure is measured 

by means of wet and dry bulb ther- 
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mometers inserted in the blower in- 
take duct through a cork. 

The equipment is capable of pro- 
ducing humidity conditions ranging 
from thirty per cent to ninety per cent 
and temperatures from approximately 
room temperature to 100 degrees F. 
No provision is made for obtaining 
conditions below room temperature, 
but if such a condition is required, 
the whole apparatus may be placed in 
a cooled enclosure. Under normal 
operating conditions, the humidity is 
maintained within plus or minus two 
per cent and the temperature within 
plus or minus one degree F. 

The use made of the sulphuric acid 
and saturated salt solutions rests on 
some very interesting physical facts. 
If pure water is placed in an air-tight 
chamber, the humidity will increase 
until saturation or 100% relative hu- 
midity is reached. According to the 
accepted theory molecules of water 
moving about in the liquid at high 
velocity escape from the surface and 
fly about in the space above it. Some 
molecules return but the number re- 
turning is less than the number escap- 
ing and consequently the amount of 
water vapor in the space increases 
steadily until finally the number re- 
turning is equal to the number escap- 
ing and no further increase in water 
vapor is possible. The space is then 
said to be saturated and the relative 
humidity is one hundred per cent. 
The vapor exerts a pressure inside the 
chamber and that exerted at one hun- 
dred per cent humidity is called the 
vapor pressure of the water at that 
particular temperature and pressure. 
The relative humidity at any time 
during this evaporation process may 
be defined as the ratio of the number 
of molecules per unit volume to the 
number per unit volume at saturation, 


or since for a given temperature the 
vapor pressure is proportional to the 
number of molecules the relative hu- 
midity may be defined as the ratio of 
the vapor pressure in the space above 
to the vapor pressure of the liquid. 


Portable heating and circulating equip- 
ment, used with a crock which forms the 
testing chamber 


If a soluble material which has 
practically no vapor pressure of its 
own 18 added to the water, the vapor 
pressure of the solution becomes less 
than that of pure water. Therefore, 
if an aqueous solution such as a sul- 
phuric acid or soluble salt solution 
is placed in the chamber, the humidity 
at equilibrium will be less than one 
hundred per cent; choice of the 
proper concentration will give what- 
ever predetermined humidity condi- 
tion may be desired, 
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For humidity control systems which 
are practically air-tight, sulphuric acid 
solutions possess certain advantages 
over saturated salt solutions. Hu- 
midities ranging from five per cent 
to one hundred per cent may readily 
be obtained by simply varying the 
concentration of the solution. The 
eflect of small changes in tempera- 
ture on the resulting humidity is negli- 
gible, the change in humidity being in 
general less than one-tenth per cent 
per degree centigrade. Sulphuric acid 
itself has practically no vapor pres- 
sure, the most delicate tests having 
failed to indicate any trace of acid 
fumes in the atmosphere of the test 
chamber. 

For humidity equipments which are 
not completely air-tight, such as the 
portable units described above, sul- 
phuric acid solutions or other unsat- 
urated solutions are not satisfactory 
since the concentration gradually 
changes by evaporation or by the ad- 
dition of water absorbed from the 
atmosphere. This difficulty has been 
overcome satisfactorily, however, by 
the use of saturated salt solutions. 
As an example, a saturated solution 
of sodium chloride (common salt) 
has a definite vapor pressure at a 
given temperature which will give a 
humidity of seventy-five per cent. If 
an excess of the salt is present in the 
solution the addition or evaporation 
of water has no effect upon the vapor 
pressure since the solution is at all 
times saturated. Thus it is possible 
to maintain a practically constant 


humidity in a non-air-tight system pro- 
vided, of course, that reasonable 
precautions to restrict air leakage are 
observed. 

Data are available in the literature 
on the vapor pressures of saturated 
solutions of soluble materials which 
may be used to control humidity over 
a wide range. Also in many cases, 
two or more salts may be used in 
combination to increase the range of 
humidity obtainable by this method. 
In the laboratories, this method has 
been used mainly for maintaining hu- 
midities ranging from sixty-five per 
cent to ninety-five per cent, but it is 
known that humidities at least as low 
as thirty per cent are similarly obtain- 
able. 

In the use of this method some 
precautions should be observed. Tem- 
perature has in general much greater 
effect upon the vapor pressure than is 
the case with sulphuric acid solutions. 
In some cases the vapor pressure-tem- 
perature curve is apparently irregu- 
lar. The stability characteristic of 
each salt should also be known in 
order to insure freedom from gaseous 
impurities in the test chamber. In 
short, each salt must be given careful 
consideration as to its characteristics 
before being used. Such precautions 
having been observed, however, sat- 
urated salt solutions have the ad- 
vantages of being inexpensive, easy 
and safe to handle and requiring no 
maintenance even though the condi- 
tioning period may extend over many 
months. 
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Commercial Generator for Central Office 


Power Plants 


By M. A. FROBERG 
Systems Development Department 


ITH the development of 
the electrolytic condenser, 
it has been found possible 


to substitute for central office charg- 
ing purposes a commercial generator 
for the Type M generator now stand- 
ard. 

The Type M generator was orig- 
inally designed to furnish "quiet" cur- 
rent to storage batteries and telc- 
phone circuits and it has fulfilled its 
functions in a very satisfactory man- 
ner. Recent tests made with gener- 
ators of commercial design equipped 
with suitable filters indicated that di- 
rect current could be furnished to cen- 
tral offices at a smaller cost than with 
the type M generator. The develop- 
ment in the Laboratories of the elec- 
trolytic condenser, an essential ele- 
ment in these filters, was described by 
H. O. Siegmund in the RECORD for 
April, 1927. 

While a storage battery can be 
charged by any direct-current gen- 
erator of suitable voltage and output, 
telephone generators have been re- 
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quired to do much more than charge 
the central office battery. Much of 
their output goes into talking circuits 
to be modulated by telephone trans- 
mitters. It goes without saying that 
such currents must not contain alter- 
nating components within the audible 


Fig. 1. Voltage waves of a simple direct- 
current generator: (A) of a single coil; 


(B) of two coils 


range. Непсе the Bell System has al- 
ways insisted that a charging gener- 
ator must have as "quiet" an output 
as possible. 

Why a direct-current generator of 
the usual commercial type will have 
an output too noisy to use in a tele- 
phone circuit is evident from its de- 
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Fig. 2. Effect of armature teeth оп flux distribution: s a smooth-core machine 
like the type M generator; right, a slotted core like the commerctal-type generator 
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sign. А single coil rotating in а mag- 
netic field produces a voltage which 
rises from zero when the conductors 
are between poles to a maximum 
when they are under the poles and 
cutting the flux at its densest point. 
This cycle is repeated for each pole, 
and so a plot of the voltage for such 


is 


60 VOLT 


Fig. 3. 


Voltage wave of a typical com- 
mercial-type generator 


a single-coil generator would resemble 
A of Figure 1. Such a generator, 
with its voltage swinging from zero 
to maximum at a frequency equal to 
the number of poles times the revolu- 
tions per minute, would be impossibly 
noisy. If two coils were used in place 
of one, the potential 
curve would resemble 
B of Figure 1. This 
Is a big improvement 
as the magnitude of 
the ripple in the volt- 
age wave is cut consid- 
erably. As the number 
of coils is further in- 
creased the ripples are 
reduced still more in 
SIZE. 

These basic varia- 
tions in the voltage 
wave are not the only 
ones, however. The 
armature coils are laid 
in slots and the flux, 
concentrating natu- 
rally in the teeth due 
to their greater per- 
meability, has an un- 


even distribution. As a result, corre- 
sponding high-frequency ripples are 
generated due to the flux dropping 
back from tooth to tooth as the ar- 
mature rotates. Another source of 
irregularities in the voltage wave is 
variation in the air gap which causes 
differences of flux densities. A typical 
result of these factors and other 
minor ones is shown in the oscillo- 
gram pictured as Figure 3. The di- 
rect-current voltage here is about sixty 
but superimposed on it are the rip- 
ples, shown with a magnitude of over 
two volts, which make the current far 
too noisy for use in talking circuits 
of the usual types. 

Because of these facts it was neces- 
sary to design a special machine with 
a more nearly smooth and thus quiet 
voltage wave. As a basis a large num- 
ber of coils were used with a corre- 
spondingly large number of bars in 
the commutator. А smooth-core ar- 


mature was utilized as shown in Fig- 


Fig. 4. A type M generator, driven by an induction motor 
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ure 4 and by the elimi- 
nation of the teeth a 
more even distribution 
of flux was obtained. 
The type M genera- 
tor, as it was called, 
differed also in other 
minor ways but as a 
result gave splendid 
service. Scarcely any 
variations in the volt- 
age line can be detect- 
ed on an oscillogram. 

It is obvious that 
the type M machine 
should cost more to 
manufacture than a 
commercial type gen- 
erator because of the 
special design and of 
the small number made each year. 

It is expected that in addition to 
the savings in first cost which will be 
made by employing commercial gen- 
erators, there will also be a saving in 
maintenance; the brass gauze brushes 
of the Type M generator have prob- 
ably required more frequent attention 
than will the carbon brushes of the 
commercial-type machine. 

With the availability of suitable 
filters to suppress noise-making cur- 
rents, it became possible at once to 
use the commercial machine and save 
both in original cost and in upkeep. 
Before the commercial generators 
were put into general use, however, 
extensive field tests were conducted 
by engineers of the American Tele- 
phone and Telegraph Company and 
the Laboratories in the panel office 


at Stillwell, Long Island City, in the 


Fig. 5 


. A commercial-type generator, driven by a synchro- 
nous motor 


combined step-by-step and toll office 
at Reading, and in a manual office at 
Wellesley, Massachusetts. These in- 
stallations proved the value of the 
equipment economically and from the 
standpoint of circuit noise as well. 
Coincident with the change of gen- 
erators, the synchronous motor has 
been made available as the driving 
element. This has brought about an 
improvement in power-factor, not 
only of the unit itself, but of the en- 
tire central office installation, since 
the synchronous motor can be oper- 
ated at a leading power factor to off- 
set the lagging current of induction 
motors used for other conversion 
units and for other purposes. In one 
case it would have been necessary to 
install ап expensive condenser for 
power-factor correction, had not the 
synchronous motor been available. 
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Cable Splicers’ Test Set 


By H. C. RUBLY 
Apparatus Development Department 


ORE than is at first evident 
is involved in the splicer’s 
job of joining together ad- 


jacent lengths of telephone cable. In 
many cases each wire must be identi- 
fied by the splicer and by his helper at 
the other end of the cable section, so 
that connections can be made accord- 


The test set ready for изе 


ing to plan. Defective wires must be 
identified and segregated. For part 
of the work splicer and helper must 
communicate with each other, and in 
addition it is often necessary for 
them to be within call of the cen- 
tral office. 

Portable apparatus for testing has 
been provided almost as long as ca- 
bles have been used. ‘Talking facili- 
ties between splicer and helper and 
a buzzer by which they could be 
called when wanted, at first provided 
separately, were later combined with 
the test sets. Thus modified, the 


sets have been reasonably satisfac- 
tory, depending upon the ingenuity 
of the user, and have remained prac- 
tically unchanged in circuit essentials 
for over twenty years. In arrange- 
ment and mounting, however, the 
greatest diversity has been shown. 
From the earliest stage when the 
circuit members were mounted on 
boards or in similar informal fashion, 
the assemblies passed through many 
stages, culminating generally in port- 
able apparatus designed by each of 
the Associated Companies for its own 
use. It is with these sets and with 
Western Electric test set No. 164A, 
now superseded, that the necessary 
tests have been made during instal- 
lation and maintenance of local 
cables. 

A standard test set, No. 43-A, has 
been designed in collaboration with 
T. C. Henneberger and A. L. Richey 
of the Department of Development 
and Research of the American Tele- 
phone and Telegraph Company, and 
is manufactured by Western Electric. 
Embodying all the features needed 
for installation and maintenance of 
local cables, it gives greater com- 
pactness and convenience than the 
older sets which it supplants. It 
weighs only eight pounds, and is less 
than a foot long and about six inches 
square; it can therefore be taken into 
a manhole or to the top of a pole 
with a minimum of inconvenience. 
Yet it fits the splicer to meet all the 
routine requirements of his work, and 
in addition equips him to locate sev- 
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eral types of faults in cable already 
installed. 

For identifying wires before splic- 
ing, one of the first requirements, 
tone is provided be- 


are provided, connected to terminals 
3 and 4. A splicer connects to one 
of the terminals a wire or pair of 
wires which he knows is good; then 
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chosen. Then the 

helper at the other 

end of the cable section connects one 
side of his receiver to ground, and 
the other side successively to various 
wires of a hundred-pair group,* until 
he is notified by the tone which has 
come through from the test set that 
he has picked the wire chosen by the 
splicer. 


Circuit members assembled on lower side 
of the panel 

For comparing capacitances of 

wires or of pairs, two non-inductive 

resistances of a thousand ohms each 


* Each group of not more than one hundred 
pairs is identified by the color of insulation of 
each pair. 


Circuit diagram of the test set 


he connects the wire or pair to be 
tested to the other terminal, and at- 
taches his receiver to the two termi- 
nals, thereby forming a Wheatstone 
bridge. Alternating current from 
the induction coil passes to ground 
from terminal 1, and in case of un- 
balance to ground in capacitance of 
the wires or pairs being tested, it 
flows through the receiver between 
terminals 3 and 4, resulting in a tone 
there. 

For conversation between splicer 
and helper, terminals 7 and 8, and 9 
and 10 provide for connection of 
transmitter and receiver; the bat- 
tery between terminals 8 and 9 ener- 
gizes the talking circuit. A line from 
the central office is connected to 
terminals 7 and 10 when a call is ex- 
pected, and the switch S2 is closed; at 
such times the receiver and transmit- 
ter should not be connected to ter- 
minals 7 and то, since the shunt which 
they provide makes it possible that 
the buzzer may not be operated when 
а signal is received. 

The battery between terminals 8 
and 9 provides, in addition to talking 
current, a source of current for the 
"receiver-battery" test, by which de- 
fects of almost any sort in new cables 
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are detected. For broken wires, 
grounded wires, crossed or short-cir- 
cuited pairs, the battery is connected 
through a receiver in succession to the 


The “receiver-battery” test; contact is 
made with each wire in turn by the scissors 


various wires. In testing for a 
grounded wire, the other terminal of 
the battery is connected to the cable 
sheath; when the defective wire is 
reached in testing a flow of current 
passes through the receiver, and is 
registered by a click. Wires broken, 
crossed and short-circuited are found 
in somewhat similar fashion. 

It is at times necessary to locate 
faults that develop in cables during 


service. A test set for this special 
use, 20-C, is ordinarily employed, but 
since on account of other require- 


‘ments the 43-A set contains the nec- 


essary parts, it can be used for fault 
locating on certain types of cables. 
The "trouble tone" or "exploring 
coil" tests that are made consist in 
sending alternating current through 
the defective wire, and getting it back 
through the cable sheath or another 
wire, depending upon whether the 
fault is a grounded or a crossed wire. 
The changing magnetic field sur- 
rounding the cable is picked up by an 
"exploring coil," really the secondary 
of an air-core transformer of which 
the circuit under test is the primary. 
The exploring coil is in a varying 
magnetic field as long as it is between 
the test set and the circuit fault, but 
when it passes beyond that point a 
current is no longer induced in its 
windings, if the circuit is short and 
non-loaded. Under such circum- 
stances the two manholes or two poles 
between which the fault exists can 
readily be found; when desired the 
defect in an aerial cable can be found 
within a few inches by use of a ladder 
or a suspended seat by which the ex- 
ploring coil can be taken to any point. 

The 43-A test set is not intended 
for use with toll cable, where test- 
ing in installation and maintenance is 
much more exacting. For local cables, 
however, its accuracy, completeness 
and convenience make it an excellent 
tool for all-around work. 
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Strength -Tests of Telephone Materials 


By J. R. TOWNSEND 
Apparatus Development Department 


ECENT developments in the 
mechanical arts have been of 
necessity away from the 

ponderous, slow-moving machines of 
an earlier day toward the concentra- 
tion of large power in small bulk, 
with accompanying high unit stresses. 
Compare the giant alternators of 
twenty years ago, with 
their huge triple-ex- 
pansion engines, to 
modern turbine-gener- 
ators; visualize the 
original gasoline en- 
gine alongside an air- 
plane motor — one 
hundred times the 
power for the same 
weight. To gain these 
advantages, newer and 
stronger materials 
were developed: we 
see cast iron replaced, 
in turn, by wrought 
iron, steel, and finally 
alloy steel—each step 
an enormous advance 
in strength and dura- 
bility. 

Under the stress of 
the World War, still 
further economies had 
to be effected, and en- 
gineers throughout the world reluc- 
tantly reduced factors of safety. 
Then surprising things happened. 


Machine parts broke in service al- 


though they were not stressed to more 


than half their ultimate strength. 


Several series of investigations were 
started: one by the National Research 
Council, to which the Western Elec- 
tric Company, among others, contri- 
buted. This work was carried on at 
the University of Illinois; other in- 
vestigations were made at the United 
States Naval Experiment Station and 
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A machine built in the Laboratories for fatigue tests of 
sheet spring material, and W. S. Hay ford, its designer 


by Army engineers at McCook Field. 

As a result of these tests our ideas 
of strength-of-materials have been 
completely revolutionized. It is now 
realized that the classical theory 
treated metals as homogeneous and 
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as having the same properties in 
every direction. These assumptions 
are now known to be untrue; for 
example, modern metallurgical stud- 
ies show that metals that have under- 
gone certain treatment may be com- 
posed of long, narrow crystals which 
impart to the specimen a rather fib- 
rous structure. Further, no account 
had been taken of the effect of re- 
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Тһе laboratory's most versatile machine: it will determine 
resistance up to 20,000 pounds to tension, compression and 
bending stresses. L. J. Burns is pictured as he prepares for 


a test of tensile strength 


peated stresses, in spite of the publi- 
cation in 1860 by Woehler of a long 
series of tests. Woehler showed that 
when stressed again and again, iron 
and steel will withstand much less 
than their ultimate (static) strength; 
that the specimens will hold their 
strength practically up to final fail- 
ure, and that they will break with no 
warning whatever. 

As a result of the 
tests of the last few 
years, it has been dem- 
onstrated that for steel 
the safe limit for re- 
peated stress is but 
forty to fifty per 
cent of the ultimate 
strength, and for an- 
nealed brass it is only 
thirty per cent. Tests 
at the Forest Products 
Laboratory have 
found definite limits 
for the wood used in 
airplanes, at about 
thirty per cent. A 
number of investiga- 
tions have shown that 
concrete, too, has its 
limitations: fifty to 
fifty-five per cent of 
its ultimate compres- 
sion strength. 

Certain telephonic 
materials are subjected 
to repeated stress: 
cable sheath, for ex- 
ample, and contact 
springs. In the Gen- 
eral Apparatus Devel- 
opment Laboratory 
we are actively en- 
gaged in fatigue 
studies of cable-sheath 
alloys, and of spring 
materials. We have 
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A Rockwell hardness-tester in use by E. F. 
Berry 


learned a great deal about the effects 
of alloying substances, of heat treat- 
ment, of working, of manufacturing 
defects, and of abuse during adjust- 
ment of spring parts. 

Results of all these investigations 
have completely revolutionized our 
ideas of mechanical testing of mater- 
ial. Until recent years, much test- 
ing concerned itself mainly with dog- 
matic procedures where the breaking, 
twisting and bending strength were 
determined. Results of static tests 
on small samples were applied to the 
design of structures of great size, 
often subject to dynamic stresses. In 
the light of our present knowledge, 
it seems remarkable that these earlier 
structures were so successful and that 
disaster was so rare. The answer 
lies in the generous factors of safety 
allowed. Nowadays we believe that 
the elastic limit cannot be taken as a 
safe basis for design. Rather, the 


endurance limit should be used, with 
the static tensile test as a quick in- 
spection test only. 

Another property of materials 
which has received much attention is 
that of hardness. This may be de- 
fined as the resistance of a material 
to deformation—in particular, to the 
deformation caused by pressing a 
small penetrator into the body of 
the material. This property is tested 
directly by the Brinell and Rockwell 
methods and indirectly by the sclero- 
scope. All of these methods are used 
in our laboratory. The Brinell test 


Differences in thickness of one hundred- 
thousandth of an inch are detected by this 
instrument 


is to force a steel ball into the speci- 
men and measure the diameter of the 
resulting indentation. This value, 
and the pressure applied, give a 
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numerical measure of the hardness. 
The Rockwell test is similar, but on 
account of its smaller penetrating- 
point and lighter loads it is better 
adapted to thin sheet metal and to 
soft metals such as aluminum and 
lead. The scleroscope measures the 
rebound of a weight when dropped 
from a fixed height on the test speci- 
men. This test is not well suited to 
sheet metals because it is too sensitive 
to casual variations in the testing in- 
strument itself. 

All of these hardness tests are 
comparative rather than absolute; in 
some cases their results have been 
found to correspond closely with the 
performance of materials in actual 
service; in other cases they are en- 
tirely valueless. Considerable work 
is being done to associate hardness 
with other physical properties. Hard- 
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Tensile testing of thin metals: а sample of duralumin dia- 


phragm-stock has just been broken by 1. V. Williams 


ness is often considered as an indica- 
tion of ultimate tensile strength. Оп 
the other hand, work done in these 
Laboratories on lead alloys has shown 
that annealing will effect enormous 
changes in hardness and practically 
none in tensile strength. 

Since Hawthorne makes extensive 
use of drawing operations on sheet 
metal, it is important to know the 
suitability of materials for this work. 
The Erichsen test is to force the sheet 
into the form of a cup whose depth 
before the material cracks is a meas- 
ure of ductility. This is а "static" 
test; its results do not reveal the per- 
formance of a material on a punch 
or forming press at production speeds. 
A "dynamic" test has therefore been 
worked out in which the cupping is 
carried forward at ninety strokes a 
minute, to simulate factory conditions. 

Impact tests are 
also made in this labo- 
ratory by allowing a 
pendulum to swing 
against and break a 
sample of the mate- 
rial. The pendulum 
will fail to rise to its 
free-swinging height 
by an amount which 
measures the work 
done in breaking the 
sample. This value is 
useful in comparing 
molded and cast ma- 
terials, particularly 
die castings, as to brit- 
tleness. 

To keep pace with 
the exacting require- 
ments as to strength, 
lightness and cost 
which are being placed 
upon materials, there 
is hardly any form of 
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testing which is not undergoing revi- 
sion today. In one direction, tests are 
being simplified and standardized so 
that they can be used in the inspection 
of raw materials; in another direction 
new tests are being designed to repro- 
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duce under controlled conditions the 
stresses which materials will meet in 
actual service. Both paths converge 
at the goal of better and more de- 
pendable materials for the telephone 
plant with a saving to telephone users. 


CYCLES OF STRESS FOR FAILURE 


Graph of Woehler effect - reduction in breaking stresses as 


tests are repeated 
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News of the Month 


To Јонм J. Carty, Vice-President 
of the American Telephone and Tele- 
graph Company and Chairman of 
the Board of Bell Telephone Labora- 
tories, has been awarded the John 
Fritz Medal “for pioneer achieve- 
ment in telephone engineering and in 
the development of scientific research 
in the telephone art". This gold 
medal is awarded not oftener than 
once a year for notable contributions 
to scientific or industrial progress. 
Among the distinguished engineers 
who have previously been awarded 
the medal are Lord Kelvin, George 
Westinghouse, Alexander Graham 
Bell, Thomas Alva Edison, General 
George W. Goethals and Orville 
Wright. 

Mr. JEwETT attended the Presi- 
dents’ Conference held at Yama 
Farms, October 11 to 17. 

Mr. СкАЕТ entertained at lunch- 
eon Admiral Bullard and two other 
members of the Federal Radio Com- 
mission, Messrs. Pickard and Cald- 
well, on October 28. The guests 
made an inspection visit of the Lab- 
oratories preceding the luncheon. 

* * ж 

MEMBERS оғ Edward J. Hall 
Chapter of the Telephone Pioneers 
of America, and relatives, about four 
hundred and fifty in number, attend- 
ed a television demonstration in the 
auditorium the evening of November 
2. John Mills introduced H. E. Ives, 
and spoke briefly of the development 
work leading up to the public demon- 
stration. Then Dr. Ives described 
the requirements and methods of tele- 


vision, illustrating his talk with lan- 
tern slides. The meeting ended with 
a demonstration of the apparatus. 

R. V. L. HARTLEY spoke at the 
Colloquium on October 24, on “Еге- 
quency Relations in Electrical Com- 
munication”. At the next meeting, 
November 7, K. K. Darrow spoke 
on “Resonance Radiation”. 


RESEARCH DEPARTMENT 


Harvey FLETCHER was the prin- 
cipal speaker at a luncheon of the 
New York League for the Hard of 
Hearing, held October 21 at the 
Hotel Commodore. Telling of the 
astonishing number of school child- 
ren shown by investigation to be part- 
ly deaf and the degree to which their 
progress in school is retarded, he 
called attention to the need for thor- 
ough measurement of hearing of all 
the pupils and medical care for those 
shown to need it. 

А. С. Ketter, E. Dickten, C. В. 
Northrop and I. S. Rafuse conducted 
special tests on high-speed circuit 
breakers at Bryn Mawr, Pennsyl- 
vania, for a period of about two 
weeks. The tests were made jointly 
for the American Telephone and 
Telegraph Company and the Penn- 
sylvania Railroad. 

Н. A. FREDERICK, F. Gray, С. R. 
Moore, H. H. Lowry, A. W. Hayes 
and J. T. L. Brown were at Haw- 
thorne, arranging certain features of 
handset manufacture. 

А. С. RUSSELL visited the labora- 
tory of the Chromium Corporation 
at Waterbury, Connecticut, оп No- 
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vember 3 to inspect equipment and 
methods for chromium plating. 

O. J. FiNcH, W. G. Knox and H. 
Boving made a general inspection of 
the experimental and testing labora- 
tories for Duco lacquers at the Du 
Pont works at Parlin, New Jersey, 
on November 4. 

К. К. WILLIAMS and Н.Н. Lowry 
visited the electrical engineering lab- 
oratories of Johns Hopkins Univer- 
sity, Baltimore, on October 25, and 
were especially interested in the work 
on insulating materials. 

Н. E. Ives delivered a lecture on 
television to a meeting of the West- 
ern Society of Engineers, held in Chi- 
cago, October 17. At a meeting of 
the Optical Society of America held 
at Schenectady on October 20 he pre- 
sented a paper written by himself and 
A. L. Johnsrud, jointly, entitled “Тһе 
Thickness of Spontaneously Deposi- 
ted Photo-electrically Active Rubi- 
dium Films, Measured Optically." 

THE Jonn Scorr MEDAL recently 
awarded to H. E. Ives was formally 
presented to him at a meeting of the 
Franklin Institute held at the Insti- 
tute's rooms in Philadelphia оп No- 
vember 16. 


APPARATUS DEVELOPMENT 
DEPARTMENT 


E. B. WHEELER spent the week of 
October 24 at Hawthorne in connec- 
tion with development of enameled 
wire and of switchboard lamps. On 
the return trip he inspected the manu- 
facture of Blue Bell dry cells at the 
factory of the National Carbon Com- 
pany at Fremont, Ohio, and visited 
the new toll office at Cleveland. 

E. L. NELSON spoke at the month- 
ly luncheon of the Western Electric 
Company on December 2, on “Our 


New High Power Broadcasting 
Equipment". 

F. К. McMurry has been at the 
factory of the Morkrum-Klein- 
schmidt Company in Chicago for sev- 
eral weeks, inspecting and testing 
models of the 15-type telegraph 
printer. 

THE WHIPPANY LABORATORY was 
visited on November 14 by represen- 
tatives of the metropolitan newspap- 
ers and radio magazines. Equip- 
ment, particularly the new fifty-kilo- 
watt broadcasting transmitter, was 
explained and demonstrated by E. L. 
Nelson, A. W. Kishpaugh, F. М. 
Ryan and their associates. 

С. А. ANDEREGG spoke on ''Sub- 
marine Cable Engineering" at the 
meeting of the American Electro- 
chemical Society held November 18. 

W. V. WoLFE was at Chicago as 
a member of the Sub-Committee on 
Interference of the National Electric 
Light Association. The purposes of 
the committee are to inform power 
company officials on the problems in- 
volved in power line carrier telephone 
work and to formulate plans for 
avoiding interference between adja- 
cent carrier systems. 

К. D. Gipson, J. D. Ѕаггоѕ, К. О. 
Thorp and C. N. Nebel are on the 
Pacific coast, installing a power line 
carrier telephone system of new type 
on transmission lines of the Pacific 
Gas and Electric Company. This 
system will provide communication 
between Claremont, a district in Oak- 
land, and Pitt River, two hundred 
miles away. 


SYSTEMS DEVELOPMENT 
DEPARTMENT 


C. BonGMANN, Н. С. W. Brown, 
F. S. Kinkead and P. L. Wright 
visited the new toll office at Cleve- 
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land and the new panel-type dial office 
there. 

W. J. LACERTE inspected new cen- 
tralized testing equipment in step-by- 
step offices at Reading, Pennsylvania. 

F. B. ANDERSON visited Philadel- 
phia and Reading in connection with 
a study of high resistance faults in 
toll cables. For the same study К. 
A. Jascoviak went to the repeater 
stations at Harrisburg, Pittsburg, 
Bedford and Ligonier, and at Ship- 
pensburg, Maryland. 

E. K. EBERHART visited the step- 
by-step offices at Reading and Allen- 
town, Pennsylvania, for studies of 
lighting equipment used in central 
offices. 

Е. Е. SIEBERT and C. W. Van 
Duyne visited the Westinghouse 
Electric and Manufacturing Com- 
pany at East Pittsburgh. 

S. B. WiLLIAMs addressed the 
student branch of the American In- 
stitute of Electrical Engineers at the 
City College of New York on No- 
vember 17. He spoke on telephone 
switching, and showed the film, 
"Through the Switchboard”. 

С. Н. ACHENBACH went to Н4%- 
thorne in connection with improve- 
ments in panel-type dial offices. 


Оствіре PLANT DEVELOPMENT 
DEPARTMENT 

К. L. Jones and C. S. Gordon, 
with engineers of the American Tele- 
phone and Telegraph Company and 
of the New Jersey Bell Telephone 
Company, conducted tests on a wire 
splicing device at Linden, New Jer- 
sey, on November 3. 

Е. М. Номам and R. C. Dehmel 
were at the plant of the Elabirshaw 
Cable and Wire Corporation in 
Bridgeport, Connecticut, on Novem- 
ber r1, discussing problems involved 


in the manufacture of parallel drop 
wire. 

J. М. Harpesty and E. St. John 
conducted trials of transposition 
brackets at Mount Kisco, New York, 
on October 28. 

L. W. KELsAY visited South Nor- 
walk, Connecticut, and various places 
in Westchester County, New York, 
during the latter part of October, 
making investigations in connection 
with cable terminal installations. 


INSPECTION ENGINEERING 
DEPARTMENT 


W. A. SuEWHART visited the For- 
ests Products Laboratory at Madi- 
son, Wisconsin, on October 27 and 28. 

P. S. OLMsTEAD was in Hawthorne 
during the first week of November in 
connection with inspection and manu- 
facture of handsets. 

E. С. D. PATERSON was in Pitts- 
burgh from October 19 to 22, discuss- 
ing quality control problems with 
Hubbard and Company, suppliers of 
outside plant hardware. 

ON Остовек 18, W. C. Miller 
and O. A. Shann visited the Gray 
Telephone Pay Station Company in 
Hartford, Connecticut, to discuss 
manufacturing and inspection prob- 
lems connected with the 50-G coin 
collector. 

E. Е. HELBING and E. C. Mander- 
feld visited Electrical Research Pro- 
ducts, Incorporated, in Philadelphia 
on November 3, to inspect the stock 
of regulated motors used in tone re- 
producing systems. 

ON NOVEMBER 7, L. Е. Gaige was 
in Philadelphia to investigate ques- 
tions of design, manufacture and 
packing of the woodwork of No. 550- 
C private branch exchange switch- 
boards. 


C. E. Hooker and С. C. Porter 
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were in New Haven on October 21 
and 22 to investigate trouble with the 
No. 2 Public Address System used 
in the New Haven Arena. 

ON NOVEMBER 7, А. Grendon 
visited Charles W. House & Sons in 
Unionville, Connecticut, to discuss 
the quality of felt used in bases for 
desk stands. 

H. W. NEWLUND has been trans- 
ferred to the St. Louis field territory 
to assist R. C. Kamphausen, Field 
Engineer in that territory. 


PATENT DEPARTMENT 
Н. A. Burcess, T. P. Neville and 
P. C. Smith visited Washington dur- 
ing the past month for the prosecu- 
tion of patent applications. 


GENERAL STAFF DEPARTMENT 


J. E. Moravec attended the re- 
cent conference of General Auditors 
of the Bell System at Absecon, New 
Jersey. 

HELEN M. Craig has been ap- 
pointed Chairman of the Hospitality 
Committee of the New York Special 
Libraries Association for the coming 
year. Members of the Association 
are librarians in business, technical 
and museum libraries, and in special 
departments of public libraries. 

M. L. WILSON spoke to about 
fifty students of the Science group 
of the West Side High School at 
Newark on November 4, and showed 
the film “Тһе Magic of Communi- 
cation." 
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Bell Laboratories Club 


BASKETBALL 

Though the basketball team repre- 
senting the Club in outside competi- 
tion has for a number of years been 
capable of meeting the best semi-pro- 
fessional teams in the Metropolitan 
district, this year's team 15 even bet- 
ter. It has lost only one game so 
far, and has an excellent chance of 
winning the league championship. 
Those who have missed the past 
games still have a chance to see the 
team in action, at Stuyvesant High 
School. Wednesday evening, Decem- 
ber 7, it will meet a team represent- 
ing General Headquarters of the 
Western Electric Company; a week 
later it will play the Western Elec- 
tric team from Hudson Street, the 
ancient enemies of the Laboratories 
on the basketball court. 

Our group this year includes many 
veterans from previous seasons, not- 


ably O'Neil, Maurer, Gittenberger, 
Steinmetz, Trottere and Hanson. 
The new теп are Christ, Hasior, 
Haglund and Hiscock. J. A. Wald- 
ron is coach and manager; from his 
knowledge of basketball comes a good 
part of the team’s success. 

The departmental league games 
began Thursday evening, November 
10, at Labor Temple. Games are 
on Tuesday and Thursday evenings 
at 5:30; each team 15 to play fourteen 
times during the season. The league 
is managed by T. J. O’Neil of the 


main Laboratories team. 


WINTER DANCE 


The winter dance of Bell Labora- 
tories Club will be held in the Grand 
Ballroom of Hotel Pennsylvania on 
Thursday evening, February 2. A 
prominent New York orchestra is to 
be engaged, and other corresponding 
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preparations made to insure ап en- 
joyable evening for the guests. Tick- 
ets are one dollar and ten cents each, 
and box seats are one dollar and sixty- 
five cents each. Since the demand for 
box seats at these parties has always 
exceeded the number available, the 
Committee suggests that those plan- 
ning box parties order accommoda- 
tions at once from the club secretary. 


GOLF 


The Golf Committee has arranged 
an indoor tournament for Monday 
evening, December 12, at the Vander- 
Built-In course, which is located at 
41 East 42nd Street. Since our last 
indoor tournament eighteen addition- 
al holes have been installed; these 
will make our coming competition 
faster and smoother. 

For the qualifying round, thirty- 
six holes of medal play, the entrants 
will be divided into two groups of 
approximately fifty each. "The first 
fifty men to report to the starter will 
complete the qualifying round; it is 
suggested that while these are play- 
ing the others have dinner, and then 
prepare for their start about 6:30. 
From each group thirty-two players 
will be chosen, and these will be di- 
vided into eight flights for the elimin- 
ation match play. А prize will be 
awarded in each group of the qualify- 
ing round to the player with low 
medal score, and to the winner in 
each of the eight flights of the finals. 
The entry fee is one dollar and fifty 
cents, to be paid before the night of 
the tournament. 


MEN's BRIDGE CLUB 


The tournament of the men's 
bridge club, which started October 
10, has brought to light many new 
stars. This year the leaders аге F. 


V. Borland, E. M. Noll and C. A. 


Smith. Mr. Smith turned in a plus 
score of 2170 on October 17--а score 
for one evening's play which we think 
all bridge players will recognize as 
excellent. 


BowLING 


From present indications 1929 will 
see the Laboratories bowling league 
using all forty-two alleys at Dwyers. 
At the start of this season twenty- 
eight alleys were engaged, but now 
even these are insufficient for those 
who wish to bowl. For the past six 
seasons the league has been made up 
of three groups, each with eight 
teams. The additional group of four 
teams started this year has been so 
successful that it will be expanded to 
a full group of eight at the start of 
next season. 

Many of the scores made this sea- 
son have been exceptionally good. H. 
C. Dieffenbach, Group A, broke all 
league records on Friday evening, 
November 4, when he averaged 225 
for three games. His scores were 
249, 234 and 192. А. A. Carrier 
holds high score for a single game in 
Group B, 243. 

WoMEN’s BASKETBALL 

lhe women's basketball squad is 
continuing vigorous practice under 
the guidance of C. Gittenberger, with 
about twenty members. Marie Bo- 
man has been busily engaged in 
arranging the work and in lining up 
games for the coming season. These 
will start on the fifth of January, 
when a game will be played with the 
Manhattan division of the New York 
lelephone Company. Later there 
will be a game with the International 
Telephone and Telegraph Company, 
and two each with the Seaboard Na- 
tional Bank and the Vacuum Oil Com- 
pany; others are being arranged now. 
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 cember 14 will not entitle new members to vote in the 


Election of Club Officers 


ЖА У dese »ANDIDATES for Bell Laboratories Club 
SOSA offices for the year 1928 have been se- 
гі “A С TA lected by the nominating committee which | 
2695 ERAT consists of E. J. Johnson, D. D. Hagerty, | 
asd 585 J. С. Motley, С. Н. Heydt, T. J. O'Neil, 
IRJA P. J. Higgins, А. L. Johnsrud, S. J. | 
ла and A. A. Reading. 

Ballots will be mailed to all club members on Friday, 
December 16, and must be placed in the ballot boxes on 
Monday, December 19, between the hours of half-past 8 
and 6 o'clock. No employee who is not a member of the 
club will receive a ballot. Membership application forms 
may be obtained from departmental representatives or 
from the club secretary. Applications received after De- 
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current elections. The candidates are as follows: 


For President 


Mavrice B. Lone 
DoNarp А. QUARLES 


For First Vice-President For Second Vice-President 


WILLIAM С. CALMAR ELIzABETH Van DuvNE 
GEORGE Е. FOWLER Marie Boman 


Departmental Representatives 
Two Year Term 
Apparatus Development  Patent-Inspection Department 
S. JAMES STRANAHAN Ковект J. NossaMAan 
EarL L. FISHER Tuomas С. К1сЕ 
Plant Department 


GEORGE J. SELTZER 
GEoRrGE RUPP 


MAURICE B. LONG 


For “President 
eje 


Entered the Laboratories, Research 
Department, 1919, after two years in the 
Bureau of Standards; he has been con- 
cerned, among other things, with picture transmission. 
Became Educational Director in 1925; has general charge 
of educational activities, and supervises selection of 
younger members of Laboratories. Represented 
the Research Department in 1924 on 


Board of Governors of the Club 


Copa 
LON G F O R P RESIDENT 


QUARLES 


QUA RLES QUARLES 


Donald A. Quarles 


For President 


Served overseas during the War, before 
entering the Laboratories in 1919. Engaged 
in transmission engineering until 1924, when 
he was transferred to the Inspection Engi- 
neering Department. Now has charge of 
Apparatus Inspection. Не is a member of 
the Bell Laboratories Club chess team, and 
has taken part in the golf tournaments. 


QUARLES 


William (С. 
САТМАК 


A 


“The Choice with 
a Smile” 


A member of our Plant organization since 1897; 

now head of the Building Shop. His long expe- 

rience has brought a thorough knowledge of the 
organization. A pleasant personality has earned 

a wide acquaintance throughout the Laboratories. | 


FOR FIRST VICE-PRESIDENT 


| 
| 
| 
| 


Elizabeth 
Van Duyne 


Ж 


Never known to miss а 

trick. Takes part in all the 

Club's soctal affairs. Has 

had a lot of experience in 

athletics, dramatics and 

general sociability. She has 

ideas, and knows how to 

put them into practice. 

Bor Second. Vice: Her present occupation 
Preden keeps her in the Apparatus 
Development Department. 


FOWLER 


For First Vice- 


‘President 


Since 1913 a member of the Laboratories. Has 
charge of Department and Visitors’ service, Bureau 
of Publication. Active in the old Engineering 
Club. Has helped make a success of many social 


and educational functions for the Laboratories. | 


«Marie 


Boman 


% 


The best part of the Bureau 
of Publication, and one of 
the most active and popu- 
lar members of the Club. 
Manager of the women’s 
basketball league; member 
of the basketball teams that 
have represented us in out- 
side games; always at our For Second Vice- 
dances; track star; never President 
does а job balf way. 


FOR DEPARTMENTAL REPRESENTATIVE 


oes ESL. 
SIRANAHAN FISHER 
+- +- 
Apparatus Apparatus 
“Development “Development 
“Department “Department 


R.J. АС 
NOSSAMAN RICE 
е ~y 
“Patent “Patent 
and Inspection and Inspection 
“Departments “Departments 
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“Patronize Our “Advertisers 
Xe 

Tur Recorp guarantees all candidates displayed in its columns 
to be 90-proof and of pre-war quality. Just off the ship. Here at 
last is an election in which a voter can scarcely make a mistake. 
From all directions are heard enthusiastic expressions of ap- 
proval of the nominating committee's intelligence. And the com- 
mittee's achievement is even better appreciated with the realization 
that it was only in response to an insistent public clamor that 
these ladies and gentlemen have permitted their names to be 
enrolled upon the ballot. They did not choose to run for office, 
but they have heeded the clarion call of duty, at a considerable 
personal sacrifice. 

Tue Recor is pleased to announce that this year's presidential 
campaign will involve no noisy demonstrations. All electioneer- 
ing will be carried on with a quiet dignity entirely becoming to 
the character of the candidates. 
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Transatlantic Telephony: 
A Factor in Metropolitan Life 


O those of us at the Labora- 
tories who have been asso- 
ciated with the develop- 

ment of transatlantic telephony—and 
who has not in one way or another— 


it is interesting to note the extent to ` 


which this service 
has entered the 
public's field-of- 
consciousness. 
к This is frequently 
i typified in jests 
a and cartoons. 

That reproduced 
below is of inter- 
est for its humor but more particular 
ly for its implication. Evidently this 
manufacturer of cigarettes has felt 
that, while he may be giving free 
advertising to another business, he 
has also projected his story against 
part of the common background of 
our every-day metropolitan life. 


The transatlantic telephone ser- 
vice is now being advertised by the 
Long Lines Department through a 
series in the newspapers published on 
the larger ships plying between the 
United States and England. Two 
sets are used, 
stressing the 
interests, re- 
spectively, of 
those outward 
bound and of 
those home- 
ward bound. 
А talk with 
one's family, communication with 
business associates, transatlantic sales 
calls, conversation after the return 
with one's hosts and foreign friends 
are among the uses suggested. Соп- 
venience and speed of the service are 
emphasized by the slogan “Days over 
—minutes back" used throughout. 


| Something Is Always Taking the Joy Out of Life : : By BRICCS | 
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To My Associates 
in Bell Telephone Laboratories 
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sorters, ortho". D [, of us can take pleasurable satisfaction, I 
СС think, in looking backward over the achieve- 
2n "AC SUE. ments of the Laboratories organization in 
DE: the year just past. It is a twelvemonth 
55243 CA WM. filled with notable accomplishments cent- 
ЖЖЖ) cred about and flowing from the work of 
"eem “eeen ӨӨӨ the men and women at West Street. 
Commercial transatlantic telephony, the new hand-set 
telephone, permalloy loading coils, the decoder sender, tele- 
vision, and radical improvements in talking motion pictures, 
are but a few of the milestones which mark progress from 
the experimental to the commercial through the year. 

But what of the future toward which we now turn our 
thoughts? With so much of accomplishment to the credit 
of 1927, is 1928 likely to prove less interesting, less fruitful 
of worth-while things done, less satisfying to us than its pred- 
ecessor^ Emphatically, no! 

In the long-cultivated fields of telephony and telegraphy 
the possibilities of crop improvement through research and 
development are apparently limitless and even more entrancing 
than in the past. “Transoceanic telephony is but an infant, 
lusty to be sure, but still an infant. By-product application 
of our work is essentially a virgin area replete with alluring 
vistas. 

Added to all this is a vision of the part we can and shail 
play in that great new human adventure, air transport. One 
cannot conceive of vast aeronautical development without a 
vast telephone and telegraph nerve system. 

From every angle it is an entrancing picture which 1928 
holds out to us of Bell Telephone Laboratories. Shall we 
profit and pleasure by what the year has in store for us? 
Knowing you, I know the answer — we shall. 
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Twenty Years at West Street 


Ву AMOS F. DIXON 
Systems Development Engineer 


HE close of 1927 marked the 

| twentieth anniversary of the 

establishment of the Bell Sys- 

tem development laboratories at the 

present West Street location. This 

laboratory is the outgrowth of Bell's 

original laboratory in Boston where 

he, with Doctor Watson, produced 
the first telephone. 

Prior to the issuing of Bell's pat- 
ent in 1877, the Bell Patent Associa- 
tion was organized by a few men 
whom Bell had interested in his in- 
ventions. This association soon as- 
sumed corporate form and after sev- 
eral changes in organization to take 
care of the rapidly changing situa- 
tion, the American Bell Telephone 
Company was born, early in 1880. 
This Company at once carried more 
generally into effect the policy al- 
ready formulated of licensing Asso- 
ciated Operating Companies. The 
contracts with these Companies gave 
the licensees the exclusive right to 
operate within specified territory, and 
to use apparatus and equipment made 
under the Bell or any other patents 
owned by the American Company. 

In those early days the ofhcials of 
the Bel] System had clearly in mind 
the vision of nation-wide telephone 
service, and felt it necessary to close- 
ly supervise the development and 
manufacture of transmitters, receiv- 
ers, and induction coils because this 
transmission apparatus, which was 
leased but not sold to the Associated 
Companies, was the heart of the Sys- 


tem and must be uniform and of the 
best quality in order to give high 
grade, uniform service. The develop- 
ment work on these instruments was 
done in a laboratory in Boston which 
kept pace with the needs of the Svs- 
tem. Other apparatus, however, was 
bought from several companies man- 
ufacturing it under their own or Bell 
Company patents and supervision. 
lhe development work on this ap- 
paratus was carried on at widely sep- 
arated points, and could not be as 
closely supervised as the work at Bos- 
ton; consequently each manufacturing 
company incorporated in its appa- 
ratus many of the ideas of its own 
engineers. 

The advantages to be gained from 
centralized manufacture of telephone 
apparatus for all of the licensed Op- 
erating Companies were becoming 
apparent and in 1882, the American 
Bell Telephone Company bought the 
plant and manufacturing business of 
Charles Williams of Boston where the 
original telephone had been made and 
where much of the apparatus then in 
use had been produced. It also 
bought an interest in the Western 
Electric Manufacturing Company at 
Chicago in order to merge the two 
in a consolidated company large 
enough to handle the demands of the 
business and operating under such 
centralized supervision that the high- 
est standards could be maintained. 
This marked the beginning of the 
present Western Electric Company. 
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The American Bell Telephone 
Company had accepted the obligation 
to test new inventions, to improve ap- 
paratus and to furnish consulting en- 
gineering services to its licensees. To 
do this, it maintained the engineering 
department and development labora- 
tory at Boston. The Associated Com- 
panies also had engineering depart- 
ments whose function was to make 
possible better handling of operating 
problems. As the engineers of each 
company became more thoroughly ac- 
quainted with the technical problems 
of the telephone business, they nat- 
urally gave some attention to the de- 
velopment and improvement of appa- 
ratus so necessary at that stage of 


the art. The engineering depart- 
ment at Boston supervised this scat- 
tered development work of the Asso- 
ciated Companies by sending Dr. 
Watson and other engineers to visit 
them at regular intervals for the pur- 
pose of coordinating requirements 
and designs. The work grew rapidly, 
however, and it became increasingly 
dificult to assure adequate coordina- 
tion in this way. During this period, 
the Western Electric Company be- 
came dominant in the field of tele- 
phone manufacture and to assist in 
the solution of technical problems 
arising in the art, it established spe- 
cial departments to carry on develop- 
ment and engineering at both its Chi- 


AN EARLY TELEPHONE LABORATORY 


maintained by the American Bell Telephone Company in Boston. 


The illustra- 


tion is taken from one in “Scientific American” for September 20, 1884; of the 
laboratory, we read, “the company employs a corps of expert mechanics and others 
skilled in the principles and practice of electricity and its allied sciences, and has 


provided an experimental shop, a chemical laboratory, and an electrical testing-room, 


fully equipped with the necessary machinery and apparatus. 


shop, . 


The experimental 


. 15 remarkably well supplied with such tools as are required for pro- 


ducing and altering electrical apparatus” 
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cago and its New York factories. 

By 1907 the Associated Companies 
had been well consolidated as operat- 
ing units in the Bell System, and it 
was apparent that if all the require- 
ments for a certain type of service 
could be gathered from all the com- 
panies, standardized equipment sat- 
isfactory to each could readily be de- 
veloped. 

When John J. Carty in 1907 be- 
came Chief Engineer of the Amer- 
ican Telephone and Telegraph Com- 
pany (the successor of the American 
Bell Company), he recommended that 
in the interests of economy and efh- 
ciency the telephone laboratory in 
Boston be merged with the laboratory 
of the Western Electric Company at 
New York, and that its Chicago 
laboratory be also brought to New 
York for consolidation. Не recom- 
mended further that the Associated 
Companies be requested to submit 
their suggestions and requirements 
for new apparatus and equipment to 
the engineering department of the 
American Company which would 
study them and then make definite 
recommendations to the newly cre- 
ated development and engineering 
department maintained by the West- 
er Electric Company in New York. 
General Carty's recommendations 
were adopted and in October, 1907, 
the central laboratories for the Bell 
System became a reality. 

To a staff of 119 persons with Mr. 
Craft at its head was assigned 
23,000 square feet of floor space on 
the eighth, ninth and thirteenth floors 
of Section А of our West Street build- 
ing. This made a large laboratory 


compared with that shown in the ac- 
companying illustration which depicts 
the Boston laboratory as it existed in 
1884 after seven years of growth. 
The development organization, thus 
consolidated, found so fertile a field 
in which to work that it grew even 
more rapidly than before. Great ad- 
vantages and economies arose from 
this centralization of development 
work. In an organization equipped 
with the most modern laboratory fa- 
cilities and staffed by trained scien- 
tists and engineers gathered from 
every part of the system and from 
other available sources, these ad- 
vantages soon began to manifest 
themselves in a material way to the 
Associated Companies. 

By 1917 the laboratory was occu- 
pying 237,000 square feet of floor 
space, with an organization of 2,120 
people. In 1925 it became a company 
unit in the Bell System with the name 
"Bell Telephone Laboratories, Incor- 
porated." Today, with a staff of 
3885 people, it occupies the entire 
West Street property, comprising 
488,000 square feet of floor space; a 
part of the Hudson Street building, 
comprising 30,000 square feet of 
floor space; and over 4,000 square 
feet of floor space in other buildings. 

As the Laboratories starts on its 
twenty-first year of consolidated op- 
eration, it has leased for one hundred 
years the northeast corner of West 
and Bank Streets, comprising all the 
remaining property in its city block. 
This adds approximately 28,000 
square feet of ground area, which 
will provide space for the future 
growth that is certain to come. 
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The Dufour Cathode- Ray Oscillograph 


By I. E. COLE 


Apparatus Development Department 


ARLY last year the Labora- 
k tories were requested by the 
American Telephone and 
Telegraph Company to make an in- 
vestigation of protective de- 
vices and to study their per- 
formance when subjected to 
transient electric waves such 
as might occur on telephone 
lines during electrical storms. 
From an analysis of the prob- 
lem it appeared that there 
would be required a device 
capable of recording without 
appreciable distortion electri- 
cal waves of frequency one 
million cycles or higher. This 
was obviously out of the 
range of electromagnetic os- 
cillographs whose limit is 
about ten thousand cycles a 
second. The Western Electric 
cathode ray oscillograph 
could not be considered be- 
cause it makes no record of a 
single, non-recurring wave. It 
appeared that the only instru- 
ment suitable for the work 
was the Dufour cathode ray 
oscillograph, of which one or 
two had just been brought to 
this country. Accordingly a 
Dufour oscillograph was im- 
ported and we set to work to learn 
how to apply it to our problem. 
This oscillograph is one of the 
comparatively recent progeny of the 
classical Braun tube. It was devel- 


oped in 1914 by a French scientist, 
Alexandre Dufour. His researches 


were interrupted by the World War 
and by lack of funds so that it was 


4 close-up of the Dufour oscillograph with the 
film container partly withdrawn. 
seen the cathode tube, and inside the housing, the 


Above can be 


de flection-tube 


not until 1922 that he was able to 
produce a machine free enough from 
troubles to be of general use. Dif- 
fering from the Western Electric 
oscillograph, its outstanding feature 
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is the placing of a photographic film 
inside the vacuum chamber so that 
the cathode stream may impinge di- 
rectly on the sensitive surface and 
record its trace photographically 
with a single traversal. 

The oscillograph proper begins 
with a glass tube holding an alumi- 
num disc cathode and a pierced anode. 
This tube is fitted by a ground joint 
to a glass deflection tube which is in 
turn fitted into a large bronze cham- 
ber that contains the photographic 
film holder and a fluorescent viewing 
screen. The bronze chamber has a 
carefully fitted door which may be 
opened to remove the film container, 
and also a pair of windows through 
which the viewing screen may be ob- 
served. The door has three handles 
fited through it that are used for 
operating the film changer and for 
moving aside the viewing screen 
which also serves as the cover of the 
film container. The joints between 


Voltage across a contact in series with the 
winding of an E-type relay. After the 
contact opens, twenty-three | oscillations 
take place in about 450 micro-seconds 


these various parts must be kept sufh- 
ciently air-tight to hold a pressure of 
ten microns, the normal working pres- 
sure, for a considerable period, since 
the pressure is very critical. 

Six films about five inches square 
may be placed in the film container 


and exposed successively. After the 
container is placed in position, the air 
must be pumped from the interior of 
the oscillograph to allow the cathode 
ray to pass. The Holweck molecular 


Schematic diagram of the apparatus 


pump backed by an oil-immersed im- 
peller pump will produce a sufficient 
vacuum in about twelve minutes. The 
ray consists of a stream of electrons 
drawn from the cathode by a poten- 
tial of fifty to sixty thousand volts. 
Some of the electrons, moving at 80,- 
ooo miles a second, pass in a fine 
stream through a small hole in the 
anode and down through the deflect- 
ing tube. There the stream is swerved 
by the electric field between one or 
more pairs of metal plates, or by the 
magnetic fields of external coils, or 
both. Passing on down into the 
lower chamber, the stream generates 
its trace by impinging upon either a 


{142} 


film or a fluorescent screen. А good 
trace may be obtained when the elec- 
tron stream sweeps across the film as 
rapidly as one hundred miles a sec- 
ond. 

Many different techniques have 
been developed for using this instru- 
ment, each particularly suited to 
some special investigation. The 
simplest one is that used for a tran- 
sient wave slow enough to be shown 
clearly on a rectilinear time scale of 
the order of 5 microseconds per centi- 
meter. This requires that the cath- 
ode stream be given a straight mo- 
tion or sweep across the film at the 
rate of about one mile per second. 
It also requires that the transient be 


T his trace was secured by Mr. Cole’s sec- 
ond technique. A 500 kilocycle timing 
wave is swept across the film. At the in- 
stant A, a surge was applied to one pair of 
plates, sweeping the trace up to B. Almost 
instantly the voltage fell back nearly to 
zero. An ingenious circuit arrangement 
then displaced the timing oscillations to 
leave a clear space on the film 


precipitated shortly after the stream 
strikes the film. This is accomplish- 
ed by a synchronous switching device 
built in this laboratory. A synchron- 
ous motor drives a switch which ap- 
plies to the primary of a transformer 
a single half-wave of 60-cycle alter- 
nating current. The transformer has 


a ratio of 110:60,000; its secondary 
is connected to the cathode and anode. 
To the same 60-cycle source is con- 
nected a coil which, placed near the 
deflecting tube, will sweep the stream 
across the film in any desired time; 


Voltage across a gap (vertically) and cur- 

rent (horizontally) are illustrated above. 

The peak (А) was reached in 0.07 micro- 

seconds and the point В less than a micro- 

second later. The rest of the path was 
traversed more slowly 


practical limits are fifty to five hun- 
dred micro-seconds. Ап adjustable 
contact-disc on the shaft of the syn- 
chronous motor precipitates the tran- 
sient just as the stream is swept across 
the film. 

For those transients which pass 
too quickly to be recorded as de- 
scribed, the line of traversal is made, 
not a single straight line across the 
screen but a sinusoidal trace. The 
transient under investigation is then 
applied in a direction parallel to the 
axis of the timing wave, so that its 
zero line is the trace of the timing 
wave. Such a record appears rather 
involved to one accustomed to the 
usual oscillograms with rectilinear 
axes, but it may readily be replotted 
to the more familiar coordinates. 
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The timing wave commonly used in 
our tests has a frequency of 500 kilo- 
cycles; a half cycle then is just one 
micro-second. 

In a study of the performance of 
protector blocks, we wished to ob- 
tain a curve showing the current 
through the protector plotted against 
the voltage across the gap. The 
starting point of such a curve was 
located in one corner of the film by 
the effect of a constant magnetic field. 
From this point, the stream was 
swerved in one direction by a coil in 
series with the current and in the 
perpendicular direction by the volt- 
age across the gap applied to a pair 
of deflector plates. The resultant 
trace was a closed loop. Time was 
measured by applying a small “ripple” 
of $00-kilocycle current to the other 
pair of plates. 


Mr. Cole (right) reads the pressure gauge while A. 
timing oscillator associated with the Dufour Oscillograph. 


Another technique was used to de- 
termine the form of a transient 
shorter than one micro-second. The 
magnetic field was used to deflect the 
spot to the bottom of the film and a 
500 kilocycle wave of about ten centi- 
meters amplitude was applied to а 
pair of deflecting plates so as to cause 
the spot to trace a zero line along the 
bottom of the film. The transient 
was applied to another pair of deflect- 
ing plates perpendicular to the first 
pair and was thus plotted to a sine 
scale. This curve was then easy to 
replot to a uniform time scale with 
rectilinear coordinates. 

Methods here described give only 
a hint of the uses to which this in- 
strument may be put. So versatile 
and sensitive it is that it may well 
be described as the microscope of 
the electrical sciences. 
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IW eller (left) adjusts the 
On the table at the left 


is the synchronous switch and its high-tension transformer 
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A Brake for Rolling Ladders 


By L. N. HAMPTON 
Apparatus Development Department 


OST of us have seen rolling 
ladders in shoe stores, 
where their usefulness in 


giving access to long upper shelves 
established them many years ago. In 
telephone offices there is a similar 
need of reaching high equipment, part 
of which extends almost to the ceil- 
ing, usually twelve feet six inches 
high. Slanting ladders, supported by 
small wheels on the floor and by a 
hanger rolling in a track at the ceil- 
ing, have therefore become indispens- 
able equipment in terminal rooms. 

Constant extension of dial systems 
has brought into greater prominence 
many questions about ladder equip- 
ment, for the switching frames have 
greatly increased the amount of cen- 
tral offce equipment necessarily 
placed beyond reach from the floor. 
More complete standardization of 
ladder design and further develop- 
ment of trolley hangers to facilitate 
installation in rooms of differing 
height were among the first changes. 
At about the same time design of a 
safeguard to prevent unintentional 
movement of the ladder while in use 
was undertaken. Although difficul- 
ties here were greater on account of 
varying conditions to be encountered 
on the thousands of ladders already 
installed, such a device is now avail- 
able. Its automatic operation is not 
only a great convenience but a valu- 
able safety measure in addition, since 
it prevents the possibility of forget- 
ting to apply the brake. 

The brake, which acts on the trol- 


ley track, holds the ladder firmly 
while in use but at other times re- 
leases it completely without attention 
from the user. The brake mechan- 
ism is out of the way of maintenance 
men, and does not hinder their move- 
ments or their work. 

At the lower end the ladders are 
unchanged*, but at the top they are 


I5 STEP LADDER 
12 STEP LADDER 


140 LB. MAN 


120 LB. MAN 


PULL IN POUNDSCFORWARD) 


How the brakimg increases as the wser 
climbs 


supported by a combined hanger-and- 
brake assembly which, allowing verti- 
cal movement of about a half inch, 
applies and releases the brake as need- 
ed. In effect the mechanism makes 
each ladder a lever pivoted at the bot- 
tom, free to swing between limiting 
stops at the upper end. A coil spring 
on the hanger holds the ladder up 
when unoccupied; when a user steps 
on, his weight overcomes tension of 
the spring and pulls the upper end 


* Except for the substitution, where necessary, 
of «wheels lubricated by grease cups. 
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of the ladder down. In this move- 
ment the ladder top extends a smaller 
spring to which is fastened a wedge 
located inside the track ; tension in the 
small spring pulls the wedge down 
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A rolling ladder equipped with the new brake; on the step 
is L. М. Hampton 


URS 


and thereby spreads two brake shoes, 
pressing them against the sides of the 
track. These hold the ladder firmly 
against movement. At the end of its 
downward movement, the ladder top 
rests against a stop so 
that its weight is 
borne directly by the 
hanger. The force ex- 
erted by the brake 
shoes against the track 
is limited by the ad- 
justment of the small 
spring, so that spread- 
ing of the track is im- 
possible. When the 
user steps off, the re- 
verse operations take 
place, ending with re- 
storation of the brake 
shoes to their initial 
position. 

It might seem more 
direct to use a spring- 
controlled brake at 
the bottom which 
would support the lad- 
der on wheels when 
unoccupied but drop it 
to the floor as soon as 
a user stepped оп. Al- 
though such a device 
would be the easiest 
automatic brake to 
make and install, it 
was not adopted be- 
cause the trolley brake 
gives greater protec- 
tion. As a user climbs 
to the top the fraction 
of his weight carried 
by the upper support 
increases; the force 
available to operate a 
brake functioning on 
the track consequently 
increases as the user 
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mounts, whilethatavailable forabrake 
at the floor diminishes. Inherently 
therefore a trolley-brake increases its 
protection to a user as he rises to a 
height where such protection is desir- 
able, whereas with a floor brake the 
reverse is the case. The force requir- 
ed to move a rolling ladder with the 
trolley-brake unoperated is about 
twelve pounds; with a man of mod- 
erate weight standing only three feet 
from the floor, four times as great a 
pull is needed to produce motion, and 
as he climbs the necessary pull be- 
comes greater, thereby protecting the 
user and at the same time indicating 
to others that the ladder is occupied. 

It often happens that a man at the 
top of a ladder finds that his work 
extends beyond safe reaching-dis- 
tance. Here even the unprotected 


rolling-ladder is a long way ahead 
of the step-ladder resting solidly on 
the floor, for it can be moved along 
its track without the user’s climbing 
down. That the brake may achieve 
its full usefulness, means must be pro- 
vided for its release while the user 
is still at the top of the ladder. Such 
a release has been provided—a lever 
to push the wedge up against the ten- 
sion of the smaller spring. A user, 
wishing to move the ladder, frees the 
brake by pulling a cord fastened to 
the end of the lever. He can then roll 
the ladder along freely while stand- 
ing on it, but when he releases the 
cord the brake resets at once. To 
guard against thoughtless operation 
of the release cord, its lower end is 
fastened to a step approximately 
seven feet from the floor. 


Control of the remainder of the block in which the 
Laboratories buildings are located was obtained when a lease 
on the property at the northeast corner of West and Bank 
Streets was executed December 14. The property, which ex- 
tends along West Street for 152 feet and along Bank Street 
for 211 feet, has been leased from John W. Morgan and 
Helen de Wolfe Morgan for a term ending April 30, 2028. 
This provides additional ground for the future expansion of 
our work that 1s certain to come. 
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Service Honors during 1927 


YEAR GROUP 


Louis Barbieri 
Wood Finisher, 
Building Shop 


E. P. Clifford 
Vice-President 


W. О. Beck 
Relay Design, Apparatus 
Development Department 


C. A. Finley 
Telephone Instrument 
Standards, Research 


W. C. Just 
Assembly Foreman, 
Vacuum Tube Shop 


-nA 


Department 
C. E. Forsberg 
Instrument Maker, 
Research Department 
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THIRTY-FIVE 
YEARS 


E. R. Lundius Otto Muller 
Circuit. Design, Systems Instrument Maker, 
Development Department Engineering Shop 


THIRTY YEARS 
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W. C. Calmar 
General Foreman, Plant and 
Shops Department 


J. E. Devany 
Laboratory Maintenance, 
Systems Development 


F. A. Cox 
Installation and Maintenance 
- Requirements, Systems 


Development 
wn. 
Н. F. Kortheuer R. H. Phillips 
Manual and Toll Systems, Supervisor of Blueprint 
Inspection Engineering Room, Commercial 
| Department Department 
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TWENTY 
FIVE 
YEARS 


Thomas Barton John Bickler 
Elevator Operator, Plant Pipefitter, Building Shop 
and Shops Department 
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C. A. Bolin Bessie Brophy Tessie Clancy 
Drafting Supervisor, Systems Coilwinding Forewoman, Coilwinder, Engineering 
Development Department Engineering Shop Shop 


E. B. Craft | A. F. Dixon C. D. Dusheck 
Executive Vice-President Systems Development Drafting Supervisor, Systems 


Engineer Development Department ] 
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Complaint Statistics, Inspec- Curator, Bell Telephone Order Analysis, Systems 
tion Engineering Department Historical. Museum Development Department 


| | 4 4 
| J. С. Dusheck W. C. F. Farnell G. B. Joslin 
| > . - ! 


| F. F. Lucas H. W. MacDougall W. H. Matthies | 
. Microscopic Laboratory, . Patent Attorney, Local Central Office Circuit 
Apparatus Development Patent Department Development, Systems 
Department Development Department 
| | | | | ’ 
к т» 
Margaret Meyers Edward Montchyk J. E. Moravec 
Coil Winder, Apparatus Analysis, Commercial Manager and 
Engineering Shop ` Apparatus Development General Auditor : 
Department | 
Oa a ať ‘a 


{151} 


P. M. Neave R. I. D. Nicoll J. G. Roberts 
Reprint and Publication Manual Circuits, Systems General Patent Attorney 
Distribution, Bureau of Development Department 

Publication 


G. K. Smith Н. W. Ulrich O. F. Vollheim 


Step-by-Step Equipment Manual Circuit Heat Treater, Engineering 
Design, Systems Development, Systems Shop 
Development Department Development Department 


“” 


TWENTY YEARS 


C. E. Boman R. W. Harper R. E. Noble 

K. B. Doherty Elizabeth Lorenzer* W. A. Schuler 
C. C. Graves И. Е. Mougey W. С. Wagner 
D. D. Haggerty E.J. White 


*Pensioned January 18, 1927. 
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New Rubber Compression Testing Machine 


C. L. HIPPENSTEEL 


Research. Department 


INCE the Bell System uses 
S some one and one half billion 

single conductor feet of rubber- 
insulated wire annually, its quality is 
of considerable economic importance. 
This wire is used in extending the 
telephone circuits from the nearest 
telephone cable terminal to the sub- 
scriber’s premises and for house wir- 
ing. Great care must be exercised 
in its inspection to insure a satisfac- 
tory service life, and particularly to 
minimize the maintenance charges on 
aerial lines. A new compression test- 
ing machine has recently been de- 
veloped to aid in determining the 
ability of the rubber insulation to 
meet service conditions. 

Probably the two most frequent 
types of failure of rubber insulation 
are side-cutting and cracking. А 
tough rubber is needed to prevent 
them. Side-cutting is the tendency of 
the conductor to cut through the rub- 
ber insulation. This occurs where one 
wire crosses another in a twist, at an 
insulator or other support, when an 
excessive load arises. Sleet is a 
prolific cause of such failures. Crack- 
ing occurs at sharp bends due to a 
lack of flexibility of the insulation. 
This is caused by a deterioration of 
the rubber which occurs with age or 
from improper compounding. 

Toughness and flexibility of ma- 
terials are usually gauged by the ten- 
sile strength and elongation, and nu- 
merous modifications of tensile tests 
have been used for judging the quality 
of rubber insulation. However, they 


are of somewhat doubtful signifi- 
cance. It is difficult in the first place 
to secure representative samples, and 
in the second place no ordinary ten- 
sile and elongation test approaches 
the actual service conditions, which 
subject the insulation to more than 
simple tension. 

The Western Electric Company 
has for some time used two tests for 
inspection purposes as criteria for 
judging the ability of insulated wires 
to resist the types of failures which 
have been described as most common 
in the field. Ability to resist side cut- 
ting by the underlying conductor is 
at present determined by means of a 
"penetration test." In this test a taut 
steel wire of definite size is pressed 
against the rubber insulation at right 
angles to the conductor. Both the 
pressure and the time of application 
are specified. Establishment of elec- 
trical contact is used to indicate com- 
plete penetration of the cutting wire. 
To judge whether or not the insula- 
tion is too brittle for satisfactory 
service, it is given a wrap test. The 
wire, after the braid is removed, is 
wrapped about itself three times, left 
for sixteen to twenty-four hours, and 
rewound again in the reverse direc- 
tion. The insulation is required to 
show no signs of rupture. 

Although these tests have been of 
great use in judging the quality of 
new rubber-covered wire, they are not 
entirely satisfactory. Neither test 
affords a numerical measure of the 
relative quality of one sample 
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compared with another, and conse- 
quently we are unable to detect re- 
liably samples which may be close to 
failure апа which would probably 
fail after a relatively short life, ow- 
ing to gradual deterioration due to 
aging. Another important and in- 
herent defect of the penetration test 
is that the sample submitted to test 
is very small, being limited to rubber 
lying immediately under the cutting 
wire. Consequently, the resistance to 
penetration obtained may be due to 
local conditions which are not at all 
representative of the wire as a whole 

The new machine designed by the 
Laboratories will make a test which 
may advantageously replace both the 
wrap and penetration tests. It com- 
presses a two inch length of insulated 


E. M. Noll testing a sample of rubber-covered wire on 


the compression machine. 


wire, from which the outer cotton 
braid has been removed, between a 
pair of parallel steel jaws. As the 
rubber on the wire is compressed it 
assumes an elliptical form. The layer 


The sample is shown in the 
circle in the upper part of the picture 


of rubber between the conductor and 
the jaws grows thinner as the pres- 
sure increases until rupture occurs. 
Means are provided for recording 
simultaneously the pressure and the 
corresponding thickness of the insula- 
tion. A frame is mounted on the ma- 
chine into which may be slipped white 
cards about five by six inches. As the 
test is made a pen operated by the 
machine plots a stress-strain curve. 
The final break is recorded on the 
chart by a sudden drop of the needle 
as rupture occurs. 

A unique feature of the machine 
which may adapt it for the measure- 
ment of small deformations is that 
thickness is accurately recorded 
mechanically on the chart with a 
magnification of thirty times. Until 

the development of 
this machine magnifi- 
cations had not been 
applied to testing ma- 
chines of more than 
three- or fourfold. 

The first experi- 
mental machine, built 
in the Model Shop, 
has been on trial by 
the Inspection Depart- 
ment at Hudson 
Street for nearly two 
years. In the construc- 
tion of the improved 
machine the Henry L. 

Scott Company col- 
laborated with the 
Laboratories. 

The new compres- 
sion test gives a nu- 
merical measure (in 

pounds) of the ability of rubber in- 
sulation to resist cutting by the con- 
ductor. An adequate length of wire 
is used and the rubber is tested in 
place on the conductor in a way which 


1154} 


it is believed is closely comparable to 
the conditions of strain occurring in 
service. The tendency toward brittle- 
ness of a compound may be detected 
by an abnormally large thickness at 
break. А typical set of curves is 
shown as Figure 2. Curve А depicts 
a very distensible high-grade rubber 
compound. Curve B illustrates the 
average run of rubber compounds for 
aerial wire, both sides of the insula- 
tion rupturing simultaneously. In 
Curve C, the conductor being some- 
what eccentrically located two dis- 
tinct breaks are shown: first of the 
weaker wall, then of the stronger. 
Curve D is typical of a brittle com- 
pound and curve E of very soft rub- 
ber compounds and plastic or cold- 
flowing insulating materials. Thus 
from a test made on this machine 
much may be learned as to the char- 
acter and quality of an insulating 
material. 

Such a machine can be adapted for 
testing all kinds of insulated conduc- 
tors and for making compression tests 
on variously shaped rubber speci- 


mens, or sections from such articles 
as tires. The outer braid might be 
left on the wire to give some sort of 
overall test if desired. Since many 
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Fig. 2. A typical set of stress-strain curves 
for rubber insulation 


structural materials, such as steel, 
concrete, or wood, are often subject 
to compressive rather than tensile 
strains in service, there is a possi- 
bility of usefully extending the appli- 
cation of the machine to a wide var- 
iety of materials. 
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Saving Days and Dollars With Shears 


By S. W. ALLISON 


|: every telephone office an ade- 


quate power plant consisting of 
batteries, charging generators, 
and their accessory equipment is an 
essential adjunct. In order to calcu- 
late the size of this power plant and 
its associated distributing leads it is 
necessary to know the current re- 
quired to perform the various switch- 
ing operations. "Current drain" 
studies are made, therefore, for those 
circuits which naturally affect the 
power plant. These studies provide 
basic information which, used with 
the maximum number of calls of each 
type that the office may be required 
to complete, enables the power engi- 
neer to design a suitable plant. 
The “current drain" is a summa- 
tion expressed in ampere-seconds of 
the power required to complete each 
call. On circuits with long holding 
times and comparatively few switch- 
ing operations the "current drain" 
can be calculated from the charac- 
teristics of the relays and the known 
times of operation. On circuits such 
as the senders of the panel system, 
however, which have short holding 
times, and involve from seventy-five 
to one hundred and eighty relays with 
from two to five hundred current 
changes, calculation becomes difficult. 
Current drain data for such circuits 
are much more easily obtained by 
actual measurements which are gen- 
erally made in the laboratory. 
The sender is so designed that its 
action, once started by the removal 
of a receiver from a switchhook, con- 
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tinues automatically till a path has 
been prepared to receive impulses of 
a subscriber's dial. Following this is 
a delay dependent on the subscriber's 
speed of dialing which in turn de- 
pends on the time for searching for 
letters or numbers as well as the time 
to operate the dial. Time is an im- 
portant element of the “drain” so 
that in artificial laboratory tests pre- 
cautions must be taken to insure that 
the time waits and speed of dialing 
closely approximate average condi- 
tions. Accordingly time constants 
have been worked out based on ob- 
servation and experiment which are 
accepted as those an imaginary aver- 
age person would use in operating the 
dial. 

In order that current drain tests 
may be made under laboratory con- 
ditions which include these accepted 
times, an automatic dialer was de- 
signed which will dial any desired 
number in accordance with these time 
limits. Similar devices were con- 
structed to measure intervals equiva- 
lent to average times for operators’ 
actions wherever these affect the hold- 
ing time of the sender. 

The actual "current drain” is 
measured with an oscillograph. The 
one used has three elements each of 
which deflects a spot of light by an 
amount proportional to the current 
Howing through its circuit. АП three 
spots fall on a sensitized strip of 
paper a little over two inches wide 
which travels about fifteen inches per 
second. An electrically driven timing 
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mechanism marks short lines on the 
strip each hundredth of a second. As 
it is used the Number One element is 
left open circuited and draws a 
straight base line on the moving strip. 
The Number Three element is ener- 
gized by a constant current controlled 
by a rheostat to give a maximum de- 
flection and draws a line parallel to 
the base but near the other edge of 
the strip. This serves as the calibrat- 
ing line because the amount of cur- 
rent causing the deflection is known. 
The Number Two element is in the 
sender circuit and traces a line which 
at all times is proportional to the 
sender current. 

A short section of a strip from a 
"current drain" test is shown in the 
accompanying illustra- 
tion with the timing 
marks evident along 
the upper edge. At 
the extreme right all 
three light spots fall 
on the same line. 
Shortly the steady 
calibrating current is 
connected and the 
Number Three spot 
rises abruptly and 
draws its trace paral- 
lel to the base. The 
second element, re- 
cording the sender cur- 
rent, makes its trace 
between the base and 
the calibrating line, 
following the actual 
variations of the 
sender current. | 

As the result of a 
single calling test 
which may take thirty 
or thirty-five seconds 
there is some forty 
feet of tape on hand 
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with its record of current. The ''cur- 
rent drain" is the current at any time 
multiplied by the time it flows. It is 
represented on the strip by the area 
between the line corresponding to the 
sender current and the base line. To 
measure this area with a planimeter 
is impractical because of the length 
of the strip. А method was devised, 
therefore, which requires only a pair 
of shears and a chemical balance. 
The strip is first trimmed along the 
base line and also along the calibrat- 
ing line corresponding to the known 
current flow. The strip thus trimmed 
is then weighed. The ampere-seconds 
corresponding to this weight is the 
product of the calibrating current in 
amperes and the total time marked 


M. С. Bailey with three-element oscillograph shown 
plugged into a sender circuit, ready to measure battery 


drains 
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on the upper edge of the strip. By 
dividing this calibrating current drain 
into the weight of the strip a calibrat- 
ing unit in terms of ampere-seconds 
per gram is obtained. Тһе strip 15 
then cut along the line representing 
the variable sender current and the 


ticular dialing sequence that was used. 

This method is accurate. Any 
variations in the thickness or weight 
of the paper at any point tend to off- 
set each other as they enter both the 
weighings. “Current drain" data 
determined by this method compare 
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Short section of oscillogram from an actual current drain test 


resulting strip bounded by this line 
and the base line is weighed. When 
this weight is multiplied by the am- 
pere-second value of a gram obtained 
from the previous weighing the "'cur- 
rent drain" is obtained for the par- 


favorably in accuracy with computed 
drain data and are obtained at a sub- 
stantial saving in time and expense. 
The time required to complete a study 
on all types of calls is now a matter 
of days rather than of weeks. 
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For Next Christmas 


To those who like to look forward to the 
merriment of the next winter holiday season, 
the Employees Savings Plan is suggested. A 
very small sum deposited regularly for you 
will grow to a surprisingly large amount by 
Christmas, 1928. The Financial Department 
will be glad to explain the details of the plan. 


0 JED сә ood сәс енси «и: ено >< 


<D a a « oe 


Чч». 24е) 5» «per» «pe <>» ape» «E OD i «ie OD Ge OOS aa ODM COD 


The s-A Audiometer 


By L. G. HOYT 


Apparatus Development Department 
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OST of the large manufac- 
turing concerns of today 
require a medical examina- 


tion of the applicants entering their 
employ. One of the tests which is 
receiving more and more attention is 
a measurment of the sensitivity of 
the applicant's hearing. Perhaps the 
neglect of this test previously has 
been due to there being no simple and 
accurate way of making this measure- 
ment in definite readings for the 
records. 

The 5-А audiometer, recently de- 
veloped by Bell Telephone Labora- 
tories, provides a means of accurately 
yet quickly measuring a person’s hear- 
ing sensitivity and the result obtained 
is a direct percentage of hearing loss. 
At some later time, if readings are 
again made, the difference between 
this and the previous test would show 
the change of hearing during the 
interval. 

The principle underlying all audi- 
ometers manufactured by the Western 
Electric Company is the same. A 
sound is generated which can be con- 
trolled in volume, and the loudness 
at which a person just ceases to hear 
itis noted. The sound, called a tone, 
is given out by a receiver which the 
person undergoing the test places 
against his ear. Two general types 
of apparatus have been used. In one 
the tone used is a single frequency 
which may be adjusted so that the 
sensitivity of hearing is measured at 
a large number of different pitches 
covering the range of audibility. This 


furnishes a complete audiogram, or 
hearing-sensitivity chart, for each ear. 
It is unnecessarily refined for many 
purposes, however, and so the second 
type was developed. In this the tone 
is complex — including a whole range 
of frequencies united in the one tone. 

In one form of this latter type, a 
phonograph record is used on which 
has been recorded a series of numbers 
spoken with decreasing loudness. It 
is commonly used for school tests in 
which the children write down the 
numbers they hear. Later their 
papers are checked against a standard 
sheet. In another form the tone is 
generated by means of a buzzer and 
dry cells. The loudness at the re- 
ceiver is adjusted by a potentiometer 
arrangement of the recéiver circuit. 
Both of these forms lack simplicity 
to some extent as they depend on 
mechanically moving parts which may 
get out of adjustment, or on dry cells 
which must be replaced. 

The 5-A audiometer departs from 
these methods and embodies a new 
principle which eliminates possible 
mechanical failures and the replace- 
ment of worn-out batteries. It is 
compact, portable, and operates on 
І 10-volt, 60-cycle alternating current. 
All of the parts are enclosed in a 
black metal box provided with a han- 
dle for carrying, and a cover which 
when opened exposes the necessary 
apparatus to be used in making a test. 
It is only necessary to connect the 
plug of the power cord to a 110-volt 
alternating current supply and turn 
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the snap switch in this cord to put 
the set in operation. 

The power supply is connected to 
a transformer having a toroidal sili- 
con steel core with one primary wind- 
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ing and two secondary windings (Fig. 
1). One of the secondary windings is 
wound directly over the primary and 
supplies energy to a signal lamp. The 
other secondary winding is wound on 
the opposite half of the core so as to 
introduce a high leakage reactance. 
It is connected to a repeating coil with 
a one-to-one ratio winding on a core 
of a few permalloy laminations. The 
voltage delivered to this coil from 
the transformer is sufficient to highly 
saturate the permalloy core. То 
make the air-borne noise from the 
highly saturated permalloy core in- 
audible, the core and winding are 
packed in felt and 
placedinsidealeadcase 
which in turn is pack- 
ed in felt and mounted 
in a cast iron box. 
The electrical de- 
sign problem was to 
convert the smooth 
wave of the 60-cycle 
power circuit to a flat- 
top one which, as can 
be mathemati- 
cally proven, contains 
all harmonics of the 
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fundamental. The ingenious solu- 
tion, worked out by J. А. Berrian, 
utilizes only the two transformers al- 
ready mentioned. No moving part 
or batteries which may need replace- 
ment are used. The 
highly saturated per- 
malloy core of the 
one-to-one ratio trans- 
former in conjunction 
with the limited cur- 
rent output of the 
power transformer 
with its high leakage 
reactance serves to 
flatten down the top 
of the input sine wave. 
This action can be better understood 
by reference to Figure 2: The dotted 
curve represents the 60-cycle wave 
of the power circuit and therefore 
also that of the voltage applied to 
the primary winding of the permalloy 
transformer. The current in this 
latter transformer follows the form 
of the voltage wave up to some low 
value “а” at which the core becomes 
saturated. From this point the cur- 
rent rises rapidly, in an effort to 
increase the flux above the saturation 
value, to the point "b," which is the 
maximum possible current that the 
power transformer, with its high re- 


actance, can deliver. It remains at 
this value therefore until the voltage 
has again dropped below the value 
required to saturate the permalloy 
core. Thus the current rises rapidly, 
making the steep side of the flat top 
wave, due to the early saturation of 
the permalloy core, and flattens out, 
making the top of the 
wave, due to the high 
leakage reactance of 
the power trans- 
former. 

The complex tone 
in the receiver may be 
varied in intensity in 
steps of five transmis- 
sion units by a poten- 
tiometer capable of 
covering a range of 
120 TU. The gradua- 
tions on the scale plate 
of this potentiometer 
are in terms of per- 
centage hearing loss 
so that direct readings 
are obtained. Mini- 
mum loudness corresponds to that 
just imperceptible by a person of 
hearing twenty per cent better than 
the average. 

The person to be tested is in- 
structed to hold a telephone receiver, 
furnished with the audiometer, snugly 
against one ear and to signal the 
operator when he no longer hears 
the tone. A signalling system is pro- 
vided for this purpose, consisting of 
a button which lights a lamp in the 
audiometer. The person is instructed 
to hold the button depressed all the 
time a tone is heard. As the pointer 
of the potentiometer is slowly turned 
towards zero, the tone becomes 
fainter and fainter until a point is 
reached where it can no longer be 
heard. This fact is signalled to the 


operator. The setting of the pointer 
of the potentiometer when the tone 
could just not be heard is the percent- 
age of hearing loss. It may have 
been on step 20 which means that 
the person under test has a hearing 
loss of twenty per cent or that his 
hearing is eighty per cent normal. 


L. G. Hoyt and J. A. Berrian using 5-A Audiometer 


It is possible that the setting for a 
person with more acute hearing will 
be 10 below zero which indicates that 
his hearing is ten per cent above 
normal. It is important that the test 
be made in a quiet place as external 
noises will result in a higher percent- 
age of hearing loss than is actually 
the case. 

To prevent deception by a person 
pretending to hear when he actually 
does not, a cutoff key is provided with 
which the operator may interrupt the 
tone. If this is done before the sig- 
nal for failure to hear has been given 
but at a tone value which is actually 
not being heard, no notice will be 
taken of it by the person being tested. 
If he is signalling truthfully, how- 
ever, he will indicate at once when 
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the cutoff switch has been operated. 

There are other places such as 
schools, colleges, doctors' offices, 
where this audiometer may be used 
but the intended use is in industrial 
plants to provide an accurate means 
for determining the sensitivity of 


hearing of employees. It is essential 
in certain positions that a person 
have very acute hearing to perform 
his duties safely and efficiently and 
a simple test with this audiometer 
will prevent the assignment of a per- 
son with subnormal hearing. 


A recent development of the Laboratories, the Type D 
single channel carrier system, played а prominent part in re- 


storing telephone service in the New England flood area. 


The 


initial lot of terminal equipments was just being completed at 
Hawthorne when the flood occurred. Release was obtained 
from the Associated Companies for which they had been manu- 
factured, and five were shipped to Boston on November 12, 
where certain modifications were made to fit the systems to 
the offices at which they were to be installed. Then the five 
systems were shipped to five different points in the flood area 
where each provided an additional voice channel between two 


telephone centers. 


The terminal equipments came from the 


factory completely tested; this as well as their compactness 
expedited their installation. In the emergency no work could 
be done on the lines to prepare them for the carrier frequen- 
cies, yet service was 1n all cases satisfactory. 
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High Voltage Storage Battery 


By L. E. DICKINSON 
Apparatus Development Department 


tector blocks and other pieces 

of protectve apparatus for tele- 
phone use, a source capable of deliv- 
ering for a few seconds direct cur- 
rent of several 
hundred amperes 
at high potential 
is extremely use- 
ful. To provide 
such current a 
storage battery is 
best; on account 
of its low in- 
ternal resistance 
it will deliver, 
for the time 
needed to test a 
fuse, current at 
many times its 
normal discharge 
rate and at volt- 
age very close to 
normal. The bat- 
tery provided in 
the Laboratories 
for such testing 
has found use as 
well for investi- 
gations of resis- 
tances, electrolyt- 
ic condensers and 
lead-covered cable. At an early stage 
in the development of water-cooled 
vacuum tubes it was used to maintain 
a plate potential of four thousand 
volts. It has even been used for mag- 
netizing permanent magnets for loud 
speakers used with talking moving 
pictures and elsewhere. 


I: the development of fuses, pro- 


One-twelfth of the battery. 


The high-potential battery dates 
from 1915, when the Electric Stor- 
age Battery Company installed 2112 
cells on the first floor of the old Sec- 
tion H building on Washington 
Street. Whenthis 
building gave 
place to the pres- 
ent Section H 
the battery was 
dismantled, and 
after overhaul- 
ing was reinstall- 
ed in the room 
which it occupies 
today on the first 
floor of Section 
С. The floor, of 
concrete, iS cov- 
ered with a layer 
of hard acid- 
proof bituminous 
compound about 
an inch and a 
half thick, and 
the walls are 
painted with a 
light acid-proof 
paint instead of 
the black asphal- 
tum paint some- 
times used in 
battery rooms. Each cell is of sixty 
ampere hours capacity, and consists 
of thirteen lead plates about four 
inches square. The cells are perman- 
ently connected into groups of forty- 
four, and these units may be con- 
nected together as wanted. 

Because of the fine spray thrown 


These two 
racks, like all the others, hold eighty-eight 


cells each 
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T'he cell groups are mounted in series or in parallel by these 
knife switches. At the left are the oil switches for com- 


pleting and breaking connections 


off by the cells during charging and 
of the "sweating" on the outside of 
the jars in humid weather, require- 
ments are most exacting for the in- 
sulators on which the individual cells 
and the cell groups are supported. 
The wooden uprights supporting the 


racks of cells are mounted 
on double tiers of glass in- 
sulators separated by lead 
discs, the lower insulators 
resting on tile blocks set in 
the floor. Each group of four 
cells rests on a plate of wire 
glass 3%” thick, supported by 
small glass insulators resting 
on the wooden rails of the 
rack. Each insulator, large or 
small, consists of a glass body 
surrounded by a steep, funnel- 
like wall of glass; between is 
a circular trough filled with 
transformer oil. The whole 
insulator is protected by a 
lead cap, covering the top and 
extending down around the 
sides, but not touching the 
glass of the insulator. 


Each group of for- 
ty-four cells is con- 
nected to a knife 
swith on the main 
panel of a switch- 
board in an adjoining 
room, whereby it can 
be connected in series 
or in parallel with 
other groups. Any 
voltage between 9o 
and 4320 can thus be 
obtained, in steps of 
90 volts. On another 
panel are oil-switches 
by which the battery 
is connected and dis- 
connected to start and 


stop testing, and on the third panel 
connections are arranged for charg- 
ing. With all the cells connected in 
series about a thousand amperes flow 
during the small part of a second re- 
quired for a fuse to operate. 
current is correspondingly greater 


The 


ь ж/е” 


2 
[T 
cae 


"2 


Fuse ready for trial, mounted on the test table. 
Current is restricted to the desired value by the 
resistances at the left 
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Digitized by 


when the battery is connected to give 
540 volts. This arrangement is com- 
monly used in testing carbon block 
protectors since it is close to the 
standard trolley voltage. In any case 
the circuit is 
opened by the 
oil-switches, ор- 
erated manually; 
though a circuit 
breaker might be 
used, none has 
been provided, 
lest its operation 
might mask the 
performance of 
apparatus under 
test at the time. 

From the main 
oil-switch, co n- 
ductors of comparatively large size 
lead to the test table, where fuses and 
other protective devices are mounted 
during testing. Adjoining it on the 
left is a grid resistance for regulating 
the current, made up of nichrome rib- 
bon mounted on transite cores. Sec- 
tions of ribbon are connected in series 


Glass insulator such as those supporting the 
cells and the rack 


or in parallel by means of small knife 
switches at the bottom. At the right 
of the table is a magnetic contactor to 
close and open the circuit for tests re- 
quiring currents of less than twenty- 
five amperes at 
voltages under 
опе thousand. 
After the oil- 
switches are 
closed the tester 
presses a button 
which closes the 
contactor, and as 
soon as the test is 
finished — in a 
second or so—he 
releases it, open- 


ing the circuit. 
Then the oil- 
switches are opened. During all 


testing a man is detailed by the 
Plant and Shops Department to 
operate the knife switches, connect- 
ing the cell groups as wanted by the 
engineer making the test, and to 
stand near the oil-switches, closing 
and opening them as is necessary. 


News of the Month 


Dr. JEWETT spoke December 1 at 
the seventh annual meeting of the 
Highway Research Board of the 
Division of Engineering and Indus- 
trial Research in Washington on the 
subject, "Engineering Research — a 
Retrospect and a Prospect of Scienti- 
fic Investigation in Industry." Оп 
December 7 he spoke on “Тһе Pres- 
ent in Engineering — 1927" at the 
fiftieth anniversary of the organiza- 
tion of the Engineers Club of Phila- 
delphia. 

MR. CRarT addressed the Division 
of Engineering and Industrial Re- 
search of the National Research 
Council on "Selling the Research 
Idea" at its annual meeting, held 
November 18 at the University Club. 

MR. CRAFT entertained Captain 
Ralph Earl, President of Worcester 
Polytechnic Institute, at luncheon and 
a visit of the Laboratories December 
8th. 

ж ж ж ж 

А. К. OrPiN addressed the Collo- 
quium on December 5 on the topic 
"Photoelectric Phenomena in Crys- 
tals," and on December r9 Professor 
L. W. McKeehan of Yale University 
spoke on "The Experiments and 
Theories of David Evans Hughes 


Concerning Ferro-magnetism." 
RESEARCH 


C. J. Davisson delivered an ad- 
dress, "Diffraction of Electrons by a 
Crystal of Nickel,” on December 28 
at the joint meeting of the American 
Physical Society and Section B of the 


American Association for the Ad- 
vancement of Science held at Nash- 
ville, Tennessee. He spoke informally 
on the same subject at the meeting ot 
the American Physical Society held in 
Chicago, November 26. 

C. J. Davisson and L. H. Germer 
presented a paper, “Diffraction of 
Electrons by a Single Layer of Gas 
Atoms Adsorbed upon a Nickel Crys- 
tal," and J. A. Becker and D. W. 
Mueller a paper, “On Electrical 
Fields Near Metallic Surfaces," at 
the December 28 session of the an- 
nual meeting of the American Phy- 
sical Society held at Nashville. 

Н. Н. Lowry discussed the sub- 
ject "Adsorption" at the Physical 
Chemistry Colloquium of Princeton 
University on December 13. 

К. А. HEIsinG delivered a paper on 
"Experiments and Observations Con- 
cerning the Ionized Regions of the 
Atmosphere" before the Institute of 
Radio Engineers on December 7. 

J. W. Horton addressed the 
Cleveland Section of the American 
Institute of Electrical Engineers, and 
Н. М. Stoller the Fort Wayne Sec- 
tion, on December 15; both spoke on 
television. 

K. К. DARROW attended the annual 
meeting of the American Physical 
Society, held December 28 to 30 at 
Nashville. 

К. ЕК. FARNSWORTH and C. D. 
Hocker visited the P. H. Murphy 
Company at New Kensington, Penn- 
sylvania, and the American Sheet and 
Tin Plate Company at Vandergrift, 
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Pennsylvania, on December 5 and 6, 
in connection with their work on Sub- 
committee А- of the American So- 
ciety for Testing Materials. At Van- 
dergrift they observed methods of 
galvanizing sheet iron with zinc, and 
at New Kensington watched tabrica- 
tion of the galvanized material. 

D. G. BLATTNER demonstrated 
high-power sound reproduction on 
November 26 before the Amusement 
Park Convention, held in Chicago. 

A. К. Kemp and E. M. Honan 
attended the meeting of Committee 
D-11 of the American Society of 
‘Testing Materials, dealing with rub- 
ber products, at Buffalo. 

R. M. Burns returned recently 
from the Pacific Coast after having 
conducted corrosion tests on tele- 
phone cable and underground struc- 
tures of telephone plant at several 
points there and, on the trip back, at 
New Orleans. 


APPARATUS DEVELOPMENT 


F. R. McMURRY returned the end 
of December from Chicago, where 
he had been inspecting and testing 
models of the 15-type telegraph 
printer since October. 

F. F. Lucas addressed a joint 
meeting of the American Institute of 
Mechanical Engineers and the Opti- 
cal Society of America held in the En- 
gineering Societies Building on De- 
cember 7, on the development of 
high-power photomicrography. 

AN ExHIBIT at the International 
Radiotelegraph Conference in Wash- 
ington was a set for measuring radio 
field strength developed in these La- 
boratories. It was installed in a test 
car of the Department of Commerce 
by C. C. Graves and L. F. Bockoven. 

J. W. GREIG retuned the one kilo- 
watt radio transmitter at D. W. 


Flint’s station, МОМЕ, in Provi- 
dence, Rhode Island, early in De- 
cember. 

H. S. PRICE made surveys for in- 
stallation of five kilowatt transmit- 
ters for Moody Bible Institute, Chi- 
cago, Saenger Amusement Company, 
New Orleans, and the University of 
Florida, Gainesville, during October. : 
During November he made a survey 
for a similar transmitter for the 
Churchill Evangelistic Association, 
Buffalo, and early in December for 
a five kilowatt installation to replace 
the five hundred watt equipment of 
the Congress Square Hotel of Port- 
land, Maine. 

SINCE RETURNING from South 
America, D. H. Newman took a vaca- 
tion trip to the Pacific Coast. On 
the return he stopped at Chicago to 
make a survey for a five kilowatt 
broadcasting transmitter for the 
Chicago Daily News. 

W. L. TIERNEY was in Tulsa, 
Oklahoma, early in November, mak- 
ing a survey for the installation in a 
new location of the one kilowatt 
transmitter owned by the Voice of 
Oklahoma. Не later went to Phila- 
delphia, where he retuned the trans- 
mitters of Gimbel Brothers and John 
Wanamaker to the new frequencies 
assigned by the Federal Radio Com- 
mission. 

Н. B. ARNOLD is at Cincinnati 
making a study of the Union Gas and 
Electric Company's power line car- 
rier telephone system. 


SYSTEMS DEVELOPMENT 


А. C. DICKIESON conducted tests 
on the initial lot of Type D carrier 
telephone system at Hawthorne. 

К. LuToMIRSKI made crosstalk 
tests on the office cabling at the new 
Cleveland toll office. 
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E. Р. BANcROFT has returned 
from San Francisco, where he had 
been engaged in testing picture trans- 
mission systems since July. C. E. 
White, who was at Chicago for the 
same group of tests, has also re- 
turned. 

J. JULEy inspected clamps for mul- 
tiple banks which are being tried out 
in one of the dial offices in Chicago. 

B. W. KENDALL and H. H. Lowry 
attended the cutover of the new toll 
office at Cleveland on November 12, 
and W. H. Matthies and F. J. Scud- 
der, the cutover of the new panel type 
dial office there on December 3. 

V. T. CALLAHAN has been testing 
gas engine-generator sets at Buffalo. 

A. KENNER visited Detroit early in 
November to discuss pneumatic tube 
equipment with engineers of the 
Michigan Bell Telephone Company. 

J. L. LAREW conducted noise tests 
on the power plant for the step-by- 
step оћсе and toll office at Utica, 
New York, early in November. 

NOVEMBER 24 to DECEMBER 10, К. 
Р. Jutson inspected a current supply 
set of new type for small toll repeater 
installations which is being tried out 
at Lexington, Kentucky. 

E. J. КАМЕ and E. Н. Smith vis- 
ited New London, Connecticut, dur- 
ing December to inspect the step-by- 
step line finders being installed there, 
one of the first such installations in 
the east. 

D. M. Terry visited the Brown 
Instrument Company in Philadelphia 
on November 16 in connection with a 
special indicating control instrument 
for pilot channels. 


OUTSIDE PLANT DEVELOPMENT 


R. L. Jones, S. C. Miller and V. 
B. Pike visited Allentown, Pennsyl- 
vania, with W. C. Redding, К. Е. 


Alberts and C. Kreisler of the Ap- 
paratus Development Department 
and with engineers of the American 
Telephone and Telegraph Company, 
November 23 to observe the installa- 
tion of a trial section of special aer- 
ial cable. 

C. S. Сокром and I. C. Shafer 
conducted tests on protective coatings 
for copper wire in Boston on De- 
cember 12. 

К. C. EGGLESTON visited Philadel- 
phia November 1 in connection with 
an investigation of eastern white 
cedar poles. 

C. D. Hocker and W. A. Hyde 
visited the plant of the General Elec- 
tric Company at Lynn, Massachu- 
setts, on November 26. 

L. W. КЕг$АҮ visited New Haven 
and Hartford during the latter part 
of November, making investigations 
in connection with terminals for un- 
derground cables. 

C. D. HOCKER was in Pittsburgh 
on December 5 for committee work 
of the American Society for Testing 
Materials. 

E. Sr. JOHN visited the plant of 
the Bethlehem Steel Company at Le- 
banon, Pennsylvania, оп November 
30 for investigations on interchange- 
ability of certain threaded parts of 
outside plant hardware. 

J. A. CARR examined sections of 
the aerial cable between Goshen and 
Liberty, New York, with engineers 
of the American Telephone and Tele- 
graph Company on December 13, to 
obtain data on the cutting of cable 
sheath by aerial cable rings. 


INSPECTION ENGINEERING 


G. D. Epwarps, D. A. Quarles, 
W. A. Boyd, H. G. Eddy, H. F. 
Kortheuer and R. M. Moody repre- 
sented the Laboratories at a confer- 
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ence held at Hawthorne during the 
week of Novembr 28 regarding the 
schedule of Survey Conferences for 
1928. 

О. S. MaRKUSON, К. M. Moody, 
H. G. Eddy, and P. S. Olmstead at- 
tended regular Survey Conferences at 
Hawthorne during November and 
the early part of December. К. M. 
Moody and H. F. Kortheuer attend- 
ed similar conferences at Kearney. 

С. D. Epwarps visited the Field 
Headquarters at Chicago and Cleve- 
land during the first week in Decem- 
ber. 

R. J. NossAMAN visited the head- 
quarters of Local Field Engineers at 
Cleveland, Chicago, St. Louis and 
Omaha during December. 

P. В. ArMouisr, Local Field En- 
gineer at San Francisco, was in Los 
Angeles the first week in December 
for regular field work. 

5. C. MILLER and E. С. D. Pater- 
son visited the Whitney-Blake Com- 
pany in New Haven on December 16 
to discuss problems connected with 
the manufacture of telephone wires. 

E. F. HELBING observed the oper- 
ation of a six cylinder type “Т” Foos 
gas engine installed in a new step-by- 
step office in Utica, New York. 


PATENT 


Н. A. Burcess, E. V. Griggs, J. 
A. Hall, W. C. Kiesel and M. R. Mc- 
Kenney visited Washington during 
the period from November 10 to De- 
cember 12 for the prosecution of ap- 
plications for patent. 


GENERAL STAFF 


S. P. СкАСЕ delivered a lecture on 
developments of the Laboratories, 
particularly those dealing with speech 
and hearing, to the twenty-third an- 
nual convention of the Illinois Tele- 


phone Association at Springfield, Il- 
linois, on November 18. 

AT A CONFERENCE on personnel 
relationships conducted by men from 
fields of education and business, John 
Mills spoke on “А Mutual Require- 
ment for an Employer and an Em- 
ployee." The group met on November 
16 at the University Club, Boston. 

К. W. Кімс described television 
apparatus and its operation to the 
Cincinnati Section of the American 
Institute of Electrical Engineers on 
December 8. 

М. B. LoNc spoke on television be- 
fore local sections of the American 
Institute of Electrical Engineers at 
Boulder and Denver, Colorado, and 
at Lincoln and Omaha, Nebraska, the 
middle part of November. 

Г. S. O'Roank spoke December 
20 to the Louisville, Kentucky, Sec- 
tion of the American Institute of 
Electrical Engineers on recent devel- 
opments of Bell Telephone Labora- 
tories, particularly television. That 
afternoon he spoke on the same sub- 
Ject to a student group at Speed Sci- 
ence School. 

E. U. Connon spoke November 
17 to the phvsics colloquim at Prince- 
ton University on “Recent Advances 
in Knowledge of the Hydrogen Mole- 
cule," and to the physics department 
meeting at Columbia University on 
the same subiect December 2. 

J. S. HARTNETT, A. J. Daly and 
D. R. McCormack visited Haw- 
thorne recently to discuss various 
commercial matters. 

R. A. DELLER gave a group of lec- 
tures on television at Ohio colleges, 
December 12 to 17, speaking at 
Wooster College, Denison Univer- 
sity, Ohio, Wesleyan University, 
Ohio State University, and Oberlin 
College. 
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Club Notes 


On Monday, December 19, when 
more than 3500 members of the Lab- 
oratories expressed their choice by 
ballot, Donald A. Quarles was elect- 
ed president of the Club for the com- 
ing year, George F. Fowler first vice- 
president and Marie Boman second 
vice-president. S. James Stranahan 
will represent the Apparatus Devel- 
opment Department during the next 
two years, and Thomas C. Rice the 
Patent and Inspection Departments. 
The Plant Department is to be repre- 
sented by George Rupp. The new 
terms start at the January meeting 
of ofhcers and departmental repre- 
sentatives. 


WINTER DANCE 


The orchestra has now been en- 
gaged for the Club dance — Don 
Marcotte's Vagabonds, whose play- 
ing as broadcast by station WEAF 
has been so popular. Those who have 
not yet bought their tickets are urged 
to avoid disappointment by securing 
them at once from departmental rep- 
resentatives, since the number of 
tickets has been limited to prevent 
crowding. Tickets for box seats 
should also be bought immediately, 
since only a hundred and eighty are 
available. Тһе dance is to be held 
in the Hotel Pennsylvania, as an- 
nounced before, on Thursday, Febru- 
ary 2; dancing will start at nine, and 
will continue until two. Tickets are 
$1.10 each, and box seats $1.65 each. 


Ciirss 


Our team in the Commercial Chess 


League of New York has still to find 
a team that can break its string of 
victories. Having won the Commer- 
cial Championship for four successive 
years our players are now on their 
way to a fifth championship. This 
season they have won all five of the 
matches played so far and have only 
lost one game out of twenty played. 
In previous seasons five or six men 
have carried the burden of these 
matches but this year our players 
were markedly better, and ten of 
them took part in league games. 

We are especially proud of the 
fact that our team defeated by a 
score of 3% to 16 that of Western 
Electric, one of the strongest teams 
in the league. The Western Electric 
team is composed of the best chess 
players that can be found in the var- 
ious branches of the Western Elec- 
tric Company in the metropolitan 
district. 


PicTURE CONTEST 


Since the Picture Contest is to be 
held in February, it is quite time for 
intending participants to get busy. 
The extent and excellence of last 
year's exhibits surprised everybody, 
and this year the contest should be 
even better. Sheets telling of the 
classes of pictures and all conditions 
of the contest will be sent to every- 
body within a few days. 


GOLF 


Sixty players took part in the in- 
door golf tournament, the first oí 
the season, held December r2 at the 
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V'ander-Built-In. Golf Course. So 
great was the interest that another 
tournament has been scheduled for 
the same place January 25, and plans 
for a March tournament are under 
way. 

In the qualifying round, divided 
into two groups, R. Koernig and F. 
B. Blake tied for first place in Group 
т and divided the prize. In Group 2, 
Е. J. Johnson carried off the medal 
prize with a score of 79, the lowest 
of the evening. 

The finals brought out some excel- 
lent golf, and some disappointments 
as well. In Class A, Group 1, R. 
Koernig beat W. Н. Harvey on the 
eighteenth hole after a round of 
heart-breaking golf. In Group 2 of 
Class A, F. D. Smith, a man who 
promises our golfers keen competi- 
tion in future contests, won from E. 
J. Johnson. L. С. Hoyt was the 
winner, for the third consecutive 
tournament, in Group т of Class B; 
Group 2 of this class was won by 
W. C. Burger, who eliminated С. E. 
Kellogg, one of our star golfers. E. 
Н. Chatterton defeated D. D. Hag- 
gerty in Group 1 of Class C, and 
H. L. Downing won from R. E. Mer- 
rifield in Group 2, after Mr. Merri- 
field had played thirty holes to win 
the semi-final round. In Group 1 of 
Class D, A. I. Crawford won from 
D. A. Danielson on the eighteenth 
hole, and in Group 2 I. R. Goshaw 
defeated H. Leicht. 


HIKING 


Though the fall hikes are now 
only pleasant memories, the records 
show enthusiastic participation on the 
part of the members. R. W. Bogu- 
mil is first in the distance covered, 
146 miles, and W. C. Buckland and 
Е. К. Stansel are next with 134 miles 
and 112 miles respectively. Тһе men 


are not the only walkers, though— 
Phyllis Barton also hiked 112 miles, 
in spite of the fact that sickness kept 
her from some of the hikes. Evelyn 
Brisbane, 107 miles, is second among 
the women, and Elizabeth Mains, 95 
miles, third. In addition, Margaret 
Brisbane has qualified for the 75- 
mile hiking emblem of Bell Labora- 
tories Club. 


WOMEN's CLUB ACTIVITIES 
DANCING 


The holiday rush had its effect on 
the attendance of the dancing class 
as on many of our other regular ac- 
tivities, but those who continued with 
Mr. Vecchio found the class as en- 
joyable and invigorating as ever. 

Conforming with the present pop- 
ular demand for Spanish dances, Mr. 
Vecchio has been spending quite a bit 
of time recently on various steps of 
the Tango. Just what the class will 
specialize in during the next ten les- 
sons will depend on the wishes of the 
girls who sign up in the class now 
forming. 


WoMEN’S BRIDGE CLUB 


In the first tournament of the 
Women’s Bridge Club, completed 
last month, the highest score, 5509, 
was made by May Lynch, who also 
carried the honors for having the 
highest score for one evening, a plus 
score of 2002. The two next highest 
in the tournament were Virginia 
Crim with a score of 3770 and Eliza- 
beth Pritzkow, who made 2968. 
There were thirty-one players, most 
of whom intend to continue to play 
on Tuesday evenings in the Women’s 
Rest Room. Others wishing to parti- 
cipate should call Katherine Munn. 


SWIMMING 
The new classes begin on the ninth 


{171} 


and the eleventh of this month at the 
Carroll Club, and presumably will be 
as popular as ever. Those interested 
can get full information from 
Eleanor Bolan. 


BOWLING 


A bowling club will be started if 
enough women are interested. Some 
have said already that they would 
join. Others who wish to participate 
should communicate with the new 
Second Vice President. 


CHRISTMAS POSTER CONTEST 


There were fifteen posters submit- 
ted in the Christmas contest, all well 
worth the attention of the judges. 
Several were so good that it was with 
difficulty that a choice was made. 
After thorough consideration the 
judges picked for reproduction and 
display on the bulletin boards the 
poster prepared by Alice Pease, and 
awarded to her the ten dollar gold 
piece offered as prize. Honorable 
mention was given the poster design- 
ed by Fred Frampton. 


FINAL STANDING 


IN 


BELL System BASKETBALL LEAGUE 
1027 Season 


TOTAL POINTS SCORED 


FINAL STANDING 


Won Lost 
Bell Laboratories .......... 222 Bell Laboratories ....... 6 I 
Long Island ............. 209 Long Island ........... 5 2 
Hudson Street ............ 107 Hudson Street .......... S 2 
Headquarters озу сна аери 152 Headquarters bi ede, Mets, te ke Se ee 5 2 
Southern Manhattan ........ 179 Southern Manhattan ..... 2 4 
Installation ............... 157 Westchester ........... 2 4 
Westchester ............. 152 Installation ............ I 6 
Northern Manhattan ....... 93 Northern Manhattan О 7 
POINTS SCORED BY THE FIRST TWENTY MEN 
I. Abruscati, Installation ..... 74 9. Cronkite, Hudson Street... 37 
2. Hasior, Bell Lab. ........ 57 10. Gittenberger, Bell Lab.. . 37 
2. Maurer, Bell Lab. ........ 54 11. Dittmar, Headquarters 36 
4. Stevens, Headquarters ..... 54 12. McGeeny, Long Island... 35 
5. West, Long Island ....... 53 13. Rossi, Hudson Street... .. 34 
6. Hickey, Hudson Street .... 52 14. Bedingfield, So. Manhattan 24 
7. McFarland, Long Island ... 50 15. Booth, So. Manhattan. ... 33 
$. Burkhard, So. Manhattan .. 44 16. Steinmetz, Bell Lab... . |. 2 
17. O'Neil, Bell Lab........ 32 | 
18. Gunderson, Westchester .. 22 
19. Redmond, Westchester . 31 
20. Bobenreith, Long Island... 21 
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Ionized Regions in the Atmosphere 


By R. A. HEISING 


Research. Department 


ITH the first transmission 
of radio signals across the 
Atlantic, a phenomenon 


was demonstrated which previously 
had been considered impossible. Elec- 
tromagnetic waves of all kinds travel 
in straight lines unless deviated by 
some unusual condition, and so it had 
been considered impossible to trans- 
mit radio signals over long distances, 
because of the curvature of the earth. 
Success of the transatlantic trans- 
mission showed however that unless 
there were other elements entering 
into the transmission conditions than 
those previously considered, the 
theory of straight-line travel was 
wrong. Attempts were made to ac- 
count for success of the transmission 
on the basis of atmospheric refrac- 
tion, dispersion, and the effect of a 
conducting ground, but none of these 
explanations was entirely satisfactory. 
In the meantime it was suggested that 
the cause might be reflection* from 
an ionized region in the atmosphere. 
This suggestion was first made over 
twenty years ago, but it 1s within the 
last few years that the ionized zone 


has been shown as the real cause of 
the transatlantic success. 

To determine the existence of re- 
flection from such an ionized medium, 
efforts were made to observe it by 
the most direct method possible. For 
such observations radio waves were 
transmitted from the Laboratories' 
experimental station at Deal, New 
Jersey, to a receiving laboratory for- 
ty-seven miles away, near Mineola, 
Long Island. If there were a reflect- 
ing layer in the upper atmosphere, 
a second path for the waves would be 
available, much longer than the di- 
rect path along the ground, and sig- 
nals traveling over the reflected path 
symbolized in Figure 1 would take 
longer to arrive than those using the 
direct course. Hence reception of 
primary signals and then, a trifle 


* When a wave enters a medium in which its 
velocity of propagation varies from point to 
point, its direction of advance becomes curved. 
If the change of velocity is rapid enough, the 
curvature is so abrupt that the effect is much 
the same as that of reflection from the surface 
of the medium. It is often convenient to speak 
of this phenomenon as reflection, although it is 
really one of refraction. How radio waves 
are supposed to be bent was shown graphically 
on pages 349-353 of the RECORD for June, 1927. 
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later, of auxiliary signals would be 
evidence for the existence of such a 
reflecting layer. From the time inter- 
val between original and auxiliary 


DIRECT PATH 


| 30 MILES Ене | 
47 MILES TOTAL 


Figure 1 


signals the difference in length of 
the paths could be computed. 

Signals of the type shown in Figure 
2 (A) were transmitted. High-fre- 
quency power was radiated for peri- 
ods of approximately 0.001 second 
at intervals of about 1/60 of a 
second. Signals similar to Figure 2 
(B) were received with a sharply 
tuned set, and were recorded by an 
oscillograph. When there were two 
paths for transmission of the wave — 
a path with reflection from an over- 
head layer in addition to the direct 
path along the ground — two signals 
were received for each group of 
waves transmitted, as represented in 
Figure 2 (C). This is strong evi- 
dence for the existence of the postu- 
lated zone of ionization. Drawings 
of the oscillograms of actual received 
signals are shown in Figure 3. 


Even more than two paths were 
sometimes observed. Some of the 
paths would occur as represented in 
Figure 4, where paths B, C and D 
have one, two and three reflections 
respectively from the reflecting layer. 
The diagram at the right of the 
drawing shows the type of signal to 
be expected under such circumstances. 
As many as four signals may be re- 
ceived for each signal sent. — Oscillo- 
grams in which signals arrived by 
several different paths are repre- 
sented by Figure 5. 

The theory of the reflecting layer 
requires the presence of free elec- 
trons. When ап electromagnetic 
wave traverses this reflecting region 
the unattached electrons are moved 
by the influence of the wave and ab- 
sorb energy from it. On account of 
their mass and charge and the pres- 
ence of the earth’s magnetic field the 
electrons in their movements reradi- 
ate the absorbed energy slightly out 
of phase with the passing wave; in 
doing so they change the effective 
velocity within the refracting zone. 
This variation in effective velocity is, 
of course, the cause of refraction. 

The electrons in this reflecting 
layer are supposed to come from two 


Figure 2 
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sources. There is good reason for 
believing that electrons may be shot 
out of the sun and reach the earth. 
Other electrons are freed by ultra- 
violet light from the sun, 
which, on reaching the atmos- 
phere, knocks off electrons 
from molecules of its gases. 
It appears from our experi- 
ments that the free electrons 
in the ionized regions of the 
atmosphere are produced by 
both of these causes; electrons 
from the sun spots are re- 
ceived both day and night, since their 
paths are bent by the earth’s mag- 
netic field, while ionization of the air 
molecules takes place on the sunlit 
side of the earth. 

The free electrons do more, how- 
ever, than refract or reflect the 
waves. When an electron absorbs 
energy from a passing wave and exe- 
cutes an oscillatory or circular mo- 
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Figure 3 


tion in the atmosphere in its absorb- 
ing and radiating process, continuance 
is insured only as long as nothing gets 
in the way. If there are many gas 
molecules around, the moving elec- 
tron may strike one and lose a large 
part or all of its energy, or it may 
be deflected in such a way that the 
energy remaining is radiated at ran- 


dom, no longer contributing to the 
passing radio wave. In such a case 
the free electron must absorb more 
radiation before it can contribute fur- 


Figure 4 


ther to the passing wave. The pres- 
ence of gas molecules in the region 
where the free electrons occur thus 
causes absorption of energy from the 
wave. Under these circumstances the 
wave may be so reduced in intensity 
that it is worthless for radio purposes. 

It has been shown in a paper by 
Nichols and Schelleng* that the fre- 
quency of collision with molecules is 
related to the magnitude of absorp- 
tion. If the gas molecules are re- 
latively close together —if the air is 
dense — a free electron can scarcely 
move under the influence of a passing 
wave since the gas molecules block 
its way, and so neither absorption nor 
reflection occurs. If the gas molecules 
become less numerous the free elec- 
trons can move more readily. At 
a certain air density therefore maxi- 
mum absorption occurs, because at 
that stage it is certain that practically 
all the electrons lose their energy by 
collision with gas molecules before 
they have had a chance to radiate 
again any appreciable part of it. ‘As 
the density of the gas is still further 
reduced the molecules become so far 
apart that the electrons can execute 
a great number of oscillations before 
losing their energy by collisions. 


* Bell System Technical Journal, April, 1925. 
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Density of the air thus determines lo- 
cation of the zones at which waves 
are absorbed. 

Atmospheric density is greatest at 
the earth's surface, and rapidly be- 
comes less as the altitude increases. 
At a height of about fifty miles the 
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Figure 5 


density is reduced to the value caus- 
ing the greatest absorption, and about 
twenty-five miles higher is so much 
less that the electrons can execute 
their oscillations with only rare loss 
of energy to the gas molecules in col- 
lisions; reflection, or more properly 
refraction, can therefore occur. That 
region where the air density is suit- 
able for absorption is called the “ab- 
sorbing region," while the zone 
higher up in which refraction occurs 
is called the “refracting region." 
When an electromagnetic wave 
travels between two points separated 
by a considerable distance, on account 
of the earth's curvature a wave re- 
ceived at a distant point must have 
travelled up to the refracting 
region, and there have been turned 
downward to strike the earth at the 
receiving station. The wave must 
therefore have passed through the 
absorbing region twice. On the 
way up, if many free electrons are 
present in the absorption region the 
energy of the wave may have been so 


cut down that little is left to be re- 
flected, and after reflection it will be 
cut down further on the return to 
earth. Long distance radio communi- 
cation can therefore be secured only 
by means of those waves which can 
make two or more passages through 
the absorbing zone without undue at- 
tenuation. 

The experiments appear to sup- 
port the hypothesis that free 
electrons are produced in the absorb- 
ing region of the atmosphere by ultra- 
violet light from the sun, making ab- 
sorption thus a daylight phenomenon. 
It is not equivalent for all radio 
waves, but varies with the wave- 
length. At 15 to 20 meters it is very 
small, is fairly great for wavelengths 
around 100 meters, and is a maximum 
just over 214 meters; beyond this 
point it seems to become much less. 

The free electrons present in the re- 
fracting region at night appear to be 
those which arrive from the sun. 
There are also some “‘hold-over”’ elec- 
trons formed during the day and re- 
maining uncombined with the positive 
gas ions. The electrons from the sun 
appear to be more numerous or at 
least more influential, for the data 
show that the refracting region 
moves up and down in a manner not 
compatible with other hypotheses. 
The apparent height of the refract- 
ing region at night is from 150 to 400 
miles. During the day, the larger 
part of the free electrons in the re- 
fracting region are caused by ultra- 
violet light from the sun. Since this 
light produces free electrons at alti- 
tudes as low as 16 miles, the apparent 
height of the refracting region is 
much lower by day than by night. 

From our observations, we have 
concluded that the refracting region 
does not remain in any position, but 
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moves up and down. А rise of six 
miles per minute and a fall of twenty- 
five miles per minute were observed. 
This rapid movement of the refract- 
ing region at night appears to be the 
cause of rapid fading of those wave- 
lengths which travel well at night. If 
the reflecting or refracting layer were 
fixed and the frequency of the trans- 
mitting station fixed also, fading 
would not occur, but because the re- 
fracting region is moving, fading 15 
produced. 

Another effect is bad quality of re- 
ceived signals under certain condi- 
tions, as has been proved by Bown, 
Martin and Potter.* When the re- 
flected wave as received is of the 
same order of magnitude as the wave 
which comes along the ground and 
when frequency of the transmitting 
station is not constant, the signals ar- 
riving at any receiving station over 
two paths will actually be of differ- 
ent frequencies. Travelling over dif- 
ferent paths, two or more waves 
arriving simultaneously will have left 
the transmitting station at different 
times and if the carrier-frequency of 
the station is not constant the waves 
will be of different frequencies. If 
the two waves are of the same order 
of magnitude a beat note will result. 
For the large number of frequencies 
in a modulated wave, the correspond- 
ingly large number of beat notes re- 
sults in noise which overshadows the 
speech or music being received. Ex- 


“1. К. E. Proceedings, February, 1926. 


perimental demonstration of this phe- 
nomenon is shown in Figure 6. Power 
of constant amplitude but of varying 
frequency was radiated from the 
transmitting station during the trans- 
mitting intervals; at the receiving sta- 
tion, the beats between the waves ar- 
riving over the two paths produced 
the distortion shown. Any transmit- 
ting station therefore operating with 
variable frequency may be expected 
to produce bad quality at all receiving 
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Figure 6—A wave of varying frequency, 
when received over two paths, gives rise to 
the beat notes indicated 
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stations to which there is more than 
one path of transmission. It is for 
this reason that the greatest care is 
taken in the design of modern broad- 
cast stations to prevent variation of 
the carrier frequency during the 
course of an audio wave. 
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New Specifications for Raw Materials 


By J. R. TOWNSEND 
Apparatus Development Department 


TUDIES of the properties of 
materials have been made in 
the past, but with the increas- 

ing complexity of the telephone plant 
these studies have had to be carried 
forward to greater detail in order to 
set up more precise standards of qual- 
ity. Furthermore, the growth of the 
Bell System requires vast quantities 
of materials, and much depends upon 
the steady flow of materials of the 
proper quality and uniformity into 
the manufacturing plants. 

The raw materials used in tele- 
phone apparatus are controlled by 
specifications which depend upon the 
basic physical qualities of the material 
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Fig. 1—How rolling increases the tensile 
strength of brass sheet. The points sym- 
bolize tests on different thicknesses 


and the requirements of manufacture. 
Within the last few years a new series 
of specifications has been inaugurated 
by the Laboratories to cover those 
raw-material requirements that are of 


engineering concern. More than a 
score of these specifications have been 
issued; they cover such diverse ma- 
terials as wax, duralumin, pow- 
dered permalloy, silk, cable sheath, 
lubricating oil, and sheet brass. The 
new specification series is designated 
as “LRM,” that is "Laboratory Raw 
Material" specifications. It is in- 
tended that all the important ma- 
terials used in telephone apparatus 
shall be covered ultimately by such 
specifications. They serve to collect, 
and state precisely, all the engineer- 
ing information necessary to secure 
material of the proper quality. The 
Western Electric Company uses this 
engineering information in the prep- 
aration of purchase specifications. 

In preparing “LRM” specifications 
considerable care is taken to see that 
the quality of the material is correct 
from an engineering standpoint. Eco- 
nomic considerations such as sources 
of supply and commercial grades are 
also considered. The requirements 
are submitted to the Western Electric 
Company in order that questions of 
mutual interest in the production of 
telephone apparatus may be consid- 
ered, and that the requirements after 
study from a commercial viewpoint 
will be entirely acceptable to all con- 
cerned. In important cases a joint 
study is made of raw materials cover- 
ing the manufacturing history and 
physical properties as a basis for 
specification work. 

A striking instance of such an in- 
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vestigation is that made by the West- 
ern Electric Company, the Northern 
Electric Company, the 
American Brass Com- 
pany and the Labora- 
tories which led up to 
the new specifications 
for non-ferrous sheet 
metals These ma- 
terials — brass, phos- 


Rockwell 
Hardness Number 


fabrication in various ways to produce 
apparatus parts having resistance to 
wear, bending, torsion, vibration, 
corrosion, and so forth. Some of the 
essential physical properties desired 
— ductility, tensile and compression 
strengths, hardness, elastic and en- 
durance limits — can be measured 
with great accuracy. Some can be 
correlated with others, as for example 
endurance limit with tensile strength 
and again hardness with tensile 
strength. А complete tensile test will 
give many of the essential mechanical 
properties of sheet metals. However, 
for the inspection of raw materials, 
this test leaves much to be desired: a 
piece has to be cut from the stock, 
milled to size, and destroyed by the 
test itself. The test for hardness can 
be made on the raw stock, and is not 
destructive. If then a satisfactory 
test of hardness could be found, and 
correlated with the results of tensile 


tests, much time and expense would 
$ 


be saved. 

One measure of the desirability of 
a testing method is its reproducibility 
— that is, whether or not it can be de- 
pended upon when applied by differ- 
ent observers using different instru- 
ments. This point is particularly 
important in inspection testing, where 
the work is done in separate places. 


Te 


phor bronze, nickel sil- 
ver, and the like —are 
widely used in all sorts 
of apparatus. They 
must be capable of 


Scleroscope 
Hardness Number 


Fig. 3—Vartation between readings by two independent 
observers. The smoother curves for the Rockwell instru- 
ment indicate its superior uniformity 
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The method of attack on the prob- 
lem of non-ferrous metals was to 
have the Brass Company prepare 
sample lots of sheet metal, as, for ex- 
ample, sheet brass, rolled to various 
thicknesses and hardnesses. The roll- 
ing was done in a commercial manner, 
but very careful data were obtained 
of the actual conditions surrounding 
the manufacture of the metal. Com- 
plete physical tests were made in the 
Laboratories upon these samples, and 
the data were sent to all collabora- 
tors. These tests confirmed what had 
long been felt, that the scleroscope 
test of hardness as formerly specified 
did not give sufficiently precise results 
when used under inspection condi- 
tions. This test has therefore been 
eliminated from our specifications. А 
close agreement however was found 
between the Rockwell hardness num- 
bers and tensile strength. This is 
evident from the uniformity with 
which the points of Figure 2 lie along 
one or other of the smooth curves. 
Furthermore, Rockwell hardness 
numbers as determined on five differ- 
ent instruments showed that the vari- 
ous inspection results of producer and 


consumer could be expected to agree. 

With the data from the laboratorv 
tests and from previous work and 
from experience with actual ship- 
ments of material, requirements were 
drawn up for non-ferrous sheet 
metals. It was determined that at the 
present time the best means of speci- 
fying the quality of these metals is 
the tensile test. In the new specifica- 
tions this is given as the basic test and 
the Rockwell hardness test is used for 
inspection since it is non-destructive 
and easy to apply. In case of doubt 
as to whether the material fulfills the 
requirements, a tensile test is made. 
The Rockwell test is specified for all 
thicknesses of sheet brass down to 
0.020 inch. For thinner material, a 
tensile test is always made since the 
Rockwell test is unsatisfactory here. 

As part of its responsibility in the 
design of apparatus, the Laboratories 
select appropriate raw materials, 
whose quality they define in terms of 
precise tests. This care, exemplified 
in the specifications for non-ferrous 
sheet metals, is one of the Labo- 
ratories' contributions to uninter- 
rupted telephone service. 
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An Appreciation of Achievement 


“The outstanding experimental result of the year has come 
from a continuation by Davisson and Germer of the (electron) 


scattering experiments using a single crystal of nickel. 


It should be noted that these electron scattering experiments 
involve a difficult technique; and, because of the several inde- 
pendent variables, the amount of data required 15 very great. 
It seems safe to predict that these preliminary results may 
make anew era in atomic physics. . . P 


From the report of the Committee on Progress in 


Physical Optics in the Journal of the Optical 
Society for January, 1928. 
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The Use of Codes Іп Electrical Communication 


By J. L. HOGG 
Research. Department 


HE subject of codes is of 
fundamental importance in 
many forms of electrical com- 


munication. Even the sounds of 
speech may be considered as the 
characters of a code into which we 
are taught from childhood to trans- 
late our thoughts. 

Proper choice of the variations of 
electric current which are arbitrarily 
assigned to represent the symbols of 
speech and writing aids greatly in 
realizing the full transmitting eff- 
ciency of any particular system. It 
does not always happen, however, 
that the communication engineer is 
at liberty to substitute one code, 
which might theoretically be better, 
for another already in use. It would 
scarcely be practicable, for instance, 
to undertake to alter the code com- 
monly designated as speech although 
it is perfectly true, as will be brought 
out later, that codes are known which, 
with given line facilities, will transmit 
words a great deal faster than they 
can be transmitted by the voice. 
Much more meaning is conveyed by 
the voice, however, than is repre- 
sented by the words alone. Manner 
of speaking, inflections, and pauses 
for emphasis, frequently tell more in 
a fraction of a minute than would 
hundreds of words. 

Leaving speech as something which 
it would scarcely repay us to attempt 
to alter, at least for the present, we 
shall see upon a little inspection that 
in the matter of artificial codes there 
is much room for choice. This brings 


us at once into the domain of the 
telegraph. 

Unlike the sounds of speech, tele. 
graph code characters may be selected 
at will with only efficiency as a cri- 
terion. To originate code signals, a 
mechanism produces abrupt changes 
in the voltage applied to the sending 
end of the line. In the case of the 
familiar Morse code, the units are 
distinguishable from one another by 
their varying duration. In the Con- 
tinental form of this code, there are 
three standard time intervals, the 
lengths of which are as 1 :3 :5. Ap- 
plication of one pole of the battery 
to the line for these different inter- 
vals communicates what are called 
the markin g units, the dots and 
dashes. Removal of the battery or 
the application of the other pole to 
the line sends out the spacing units, 
the letter spaces and word spaces. 

In telegraph communication, it is 
necessary to transmit fifty-odd char- 
acters. The time taken to put on 
the line the longest character of the 
Continental code is twenty-three times 
a dot length. То put the shortest 
character on the line four dot lengths 
are required, one unit of time for the 
dot itself and three for the letter 
space to follow. 

One may now venture the guess 
that this particular code is rather 
wasteful of line time. Any change in 
the characters would be desirable 
which would shorten to the minimum 
the time required to put onto the line 
the character of average length. One 
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apparently plausible method is to use 
a variety of sending battery voltages 
— these to be allocated in a definite 
manner among the code characters — 
instead of relying solely upon differ- 
ent durations to effect discrimination. 
There is a fairly definite limit, how- 
ever, to the number of discrete volt- 
ages that can be employed in practice, 
the most important consideration, 
perhaps, being that it obviously in- 
creases the complexity of both send- 
ing and receiving apparatus. 

Having once decided upon the 
combinations of current pulses which 
are to form a code, the possibility 
obviously presents itself (provided 
these combinations are of different 
length) of assigning them among the 
letters and other characters so that 
those used most frequently will also 
be those requiring the shortest time 
to send. Studies have been made of 
the relative frequencies with which 
the various letters occur in the Eng- 
lish and other languages. With the 
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Figure 1 
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Figure 2 


For simplicity іп this and the other drawings 
straight lines are used which show the principal 
part of the sluggishness in current change though 
true representations would show the corners de- 


cidedly rounded 


results of such an analysis at hand, 
it is easy to set up an economical as- 
signment of code characters to alpha- 
betical characters. The commonly- 
used codes leave little to be desired 
in this connection. 

Choice of code characters, most 


economical in terms of transmission 
speed or line time, is not by any means 
so simple a problem, however. It de- 
pends in large measure upon the char- 
acteristics of the terminal and line 
apparatus, and practical experience is 
usually the best guide to the final 
choice. 

Such a code as the Morse, the time 
lengths of whose characters are not 
all equal, is well adapted to manual 
sending and aural reception, but for 
printer operation mechanical ad- 
vantages are gained by making the 
characters all of equal length. A 
common form of printing telegraph 
code (it is used by the system de- 
veloped some years ago at our Labo- 
ratories) has a common length of 
five dot lengths* for each character. 
This provides thirty-two different 
current pulse combinations, a number 
just about doubled by providing that 
two of the thirty-two characters act 
їп a manner analogous to the car- 
riage shift keys of a typewriter. It 
will be apparent that the 
printer code effects a consider- 
able saving in line time as 
compared with the Morse 
‘code. For one thing, the 
spaces between letters may be 
entirely eliminated, there be- 
ing no need to provide the 
printer with the short rest 
which the ear requires. The 
average length of each char- 
acter is also somewhat re- 
duced. 

The printer code is tech- 
nically known as a two-element, five- 
unit code, because it employes two 
current values (one positive and one 


* It acill be convenient to refer to the shortest 
marking unit as a dot, and the maximum rate at 
achich dots can be satisfactorily received as the 
limiting dotting speed. 
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negative) and each character is five 
dot lengths in duration. By employ- 
ing three current values it becomes 
possible to shorten still further the 
duration of each character. The re- 
lationship which exists is so readily 
deduced that it may interest the 
reader to follow the argument. 

Imagine a succession of time units, 
each of which is to be assigned one of 
the possible current values. For the 
two element code, each unit can have 
either of two current 
values. Hence in a 
series of five units, the 
possible number of 
distinct characters 1s 
2X2X2X2X2-— (a) 
thirty-two. For the 
three element code, 
the expression becomes 3x 3X 3X 3; 
etc., and now it is necessary only to 
give each character a length of four 
units in order to secure eighty-one 
different characters. In fact, with a 
length of but three units, there will be 
twenty-seven distinct characters. So 
far as diversity is concerned, the three- 
element three-unit code is therefore 
practically equivalent to the two-ele- 
ment five-unit code. Since the time 
intervals are in the ratio 3:5, one 
would naturally conclude, were there 
no other factors to consider, that the 
three-element code is decidedly 
superior. Аз a matter of fact, the 
reverse is the case, this rather un- 
expected upset being due to the con- 
tribution of the vibrating relay which 
can be used only with a two-element 
code. 

A simple explanation will make 
clear the functioning of the vibrat- 
ing relay. Consider a single dot. It 
is formed by a sudden reversal of 
the battery potential which is applied 
to the line, and at the end of a short 


time interval an equally sudden re- 
turn to the original potential. In 
response to these potential changes, 
a sharp current pulse is formed at 
the sending end, as shown in Fig. 1. 
Due to the charactertistics of the line, 
however, this pulse is no longer sharp 
upon its arrival at the distant end. 
It partakes of the shape indicated 
in Figure 2 which shows that the re- 
ceived current rises sluggishly instead 
of instantaneously. The time required 


(b) (c) (d) 
Figure 3 


for this sluggish rise of current is 
called t,. 

In Figure 3 there have been made 
a number of constructions showing 
the effect of making shorter and 
shorter dots. Let the height of the 
line ММ" represent the marginal 
current value of the receiving relay. 
At (a) 1s shown a current pulse cor- 
responding to a dot in which the 
length of the dot ¢ is just less than 
the time of rise of the current, б. 
It well exceeds the current margin of 
the relay and therefore causes the 
receiving apparatus to respond. The 
same is still true in the case of the 
shorter dot shown at (b) while at 
(c) the receiving relay is merely on 
the point of responding; at (d) it 
will not respond at all so that the 
marking unit will fail and the spacing 
unit will continue. 

We see then that with a code 
using only two current values and 
with line and terminal apparatus such 
as to yield the received currents 
shown in Figures 2 and 5, and with 
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а receiving rclay which operates with 
a negligibly small current, no code 
character shorter than half the 
time interval t, can be recorded. 
Hence, as the dotting speed is 
increased, the dots or shortest char- 
acters are the first to fail. Could we 
design the receiving apparatus so that 
a local source of energy would make 
the dots at the rate at which they are 
sent and then utilize the transmitted 
energy of each long unit merely to 
lock the receiving mechanism during 
the period necessary to form such 
longer units, the dotting speed of any 
given line could be increased. This is 
just what is accomplished by the vi- 
brating relay. It usually takes the 
form of a mechanical oscillator, its 
capacity and resistance being so ad- 
justed that its natural period of oscil- 
lation is the same as the dotting speed. 

This device automatically provides 
for reception of the shortest units— 
in fact, so long as no signal is re- 
ceived over the line, it will mark off a 
continuous succession of dots—and 
failure to receive longer units will 
occur only when the received current 
for these longer units is not large 
enough to dominate the local dot- 
forming current. By means of this 
device, a dotting speed well above 
that indicated by half the interval 
t. can be employed. 

Referring to the frequency charac- 
teristic of a telegraph line, its dotting 
speed is susceptible of a simple state- 
ment in terms of the upper cut-off 
frequency. If this cut-off is raised, 
the slope of the arrival curve is in- 


creased, that is, the received current 
builds up at a greater rate. Conse- 
quently, the higher the cut-off fre- 
quency of the line, the higher is its 
dotting speed. So long as the rate 
at which we send dots over the line 
does not exceed its cut-off frequency. 
communication can theoretically be 
carried on satisfactorily. In practice. 
because of interference and other 
variable factors, the dotting speed is 
held down to about one-half of the 
cut-off frequency. Since the dotting 
speed is seldom greater than 30 per 
second the cut-off frequency of a tele- 
graph line may be placed at about 60 
cycles. Thus the band of frequencies 
required in telegraphy is quite narrow 
compared to the band extending from 
about 200 to 2500 cycles necessary 
for satisfactory voice communication. 
Under certain conditions, use of the 
vibrating relay enables the practical 
dotting speed to be made equal to the 
cut-off frequency and thus the dotting 
speed may approach double the 
speed possible without the relay. 

It may be of interest to point out 
that on account of the narrow fre- 
quency band required to transmit the 
telegraph code characters, the mes- 
sage capacity of an ordinary tele- 
phone line is much greater when used 
as a multiplex telegraph channel than 
it is when used for communication 
by telephone. For the latter it has 
a capacity of about 120 words per 
minute. Operated as a multiplex tele- 
graph system without intermediate 
repeaters it can transmit as manv as 
2000 words per minute. | 
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Psychology Aids in Tests of Hearing 


By W. L. BETTS 
Apparatus Development Department 


Y the use of methods devel- 
В oped in these Laboratories, it 
is possible to make very ac- 

curate measurements of the sensitivity 
of the ear. The degree of accuracy 
is limited, not by our skill in measur- 
ing small currents, but by the ability 
of the listener to be sure whether he 
hears the test tone or not. As an aid 
in this direction, Western Electric 
audiometers have always been pro- 
vided with a push-button to interrupt 
the tone. Should a patient’s hearing 
seem entirely too са 
acute, the tester cuts o. 


t + 
off the tone; the re- — 
port "I still hear it” # 
then means only one =. 


thing — that the pa- 
tient has been flatter- 
ing himself, to the ex- 
tent of several TU. 
As a further aid to 
tests of hearing with 
the audiometer, a cir- 
cuit has been worked 
out by which the tone 
can be switched to 
either ear or to both. 
'This device, known as 
the No. 42-A Test Set, 
brings to use several 
principles of psychol- 
ogy. For instance, 
does a loud tone sound 


т“ 
A 


in the left ear, the left eye blinks ever 


so slightly, although the patient may 
claim that all is silent as Sahara. 
Conduction of sound by the bones 


How the 42-4 Test Set and the 3-4 Audiometer are used 
to detect deafness is demonstrated by J. A. Battle and 


of the skull also offers means to in- 
vestigation of asserted deafness. At 
a more or less definite volume, sound 
impressed on one ear will be con- 
ducted to the other so that were a 
person totally deaf in one ear he could 
hear by bone conduction to the other 
when a tone of sufficient loudness was 
applied to the deaf ear. Not aware 
of this fact, a subject claiming total 
deafness in one ear might deny hear- 
ing anything, although the tone was 
loud enough to be heard by the other 
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W. L. Betts 


ear. In fact, if he wished to deceive 
the examiner he would be unable to 
do so even if he were aware of bone 
conduction, because he would not 
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know the actual loudness level at 
which conduction occurs and so would 
not know when to signal. 

Another effective test to avoid mis- 
representation by the subject is to 
have the subject read aloud from a 
book in his natural voice while a tone 
is switched from ear to ear. Use 15 
then made of two facts of psychology 
—that the sound of one's voice is 
necessary for the regulation of his 
voice intensity, and that one's own 
voice can be “drowned out" by a loud 
tone. А person of normal hearing in 
both ears will not change the volume 
of his voice as the tone is switched 
back and forth because, at all times, 
he has one ear with which he can hear 
himself talk. He will raise his voice 
and almost shout, however, when the 
tone is switched on both ears at the 
same time, as then his own voice is 
drowned out. Were the subject actu- 
ally deaf in one ear he would raise 
his voice every time the tone was put 
on the one ear in which he could hear. 

А similar test may also be used for 
a person claiming deafness in both 


ears. When the tone is switched on 
and off both ears, the voice intensity 
will vary with the tone if the reader 
is actually able to hear. If he is not. 
switching the sound on and off will 
have no effect on his reading. 

Where deafness is claimed in one 
ear, the suggested procedure is to 
switch the tone at different intensities 
rapidly back and forth from one ear 
to the other. The subject of the test 
is supposed to signal every time he 
hears a sound and because of the 
rapid changing from ear to ear with 
the accompanying variation in volume 
a false claim soon becomes apparent. 
This is because to signal truthfully 
each time a sound is heard is an al. 
most instantaneous act but much more 
time is required if one has to stop to 
decide in which ear the sound occur- 
red and then to remember whether 
that is the ear for which he has 
claimed deafness. If the tones are ap- 
plied at fairly rapid intervals the 
mind can not act quickly enough when 
an additional thought train is required 
to give the correct response. 
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New Languages {тот Old 


By CLYDE R. KEITH 


Research. Department 


AKING a new language to 
MI order is now possible 
through recent work of the 
Research Department. To accom- 
plish it, normal speech is “inverted,” 
so that for every vibration a new one 
is produced whose frequency is equal 
to some selected constant frequency 
minus the original frequency. By the 
use of this inverting apparatus words 
spoken in English before a micro- 
phone may be reproduced on a loud 
speaker as a succession of totally dif- 
ferent sounds, apparently having no 
relation to the original speech. These 
new sounds may, if desired, be trans- 
lated back into English by passing 
them through a similar group of in- 
verting apparatus. The fundamental 
processes involved in making inverted 
speech are not new, and it is not pro- 
posed to use such speech in competi- 
tion with Esperanto, but the method 
illustrates in a very striking way the 
process of modulation and frequency 
conversion which is so essential to 
radio and carrier communication. 

In forming inverted speech the 
modulating or inverting frequency 
acts somewhat as a lens does in in- 
verting the image of an object: caus- 
ing the top to appear at the lower 
part of the field and the bottom at 
the upper. The inversion might be 
effected about any convenient fre- 
quency but in order to have the result- 
ing sounds at the pitch level of or- 
dinary speech it is necessary to select 
a frequency only slightly above the 


normal speech range. The apparatus 
now developed uses three thousand 
cycles as the inverting point. Al- 
though there are frequency compo- 
nents in ordinary speech above this 
value they are eliminated by filters 
before the speech passes to the in- 
verting apparatus, but this does not 
objectionably affect the quality of the 
speech. 

With a normal speech range of 
from roo to 2900 cycles and an in- 
verting frequency of 3000, the result- 
ing, or "inverted," speech also oc- 
cupies the band from тоо to 2900 
cycles but in a reverse order. А pure 
tone of the pitch of middle “С” on 
the piano scale which has a frequency 
of 256 cycles per second would be- 
come 2744 cycles or 3000 minus 256. 
Consequently the voice of a person 
talking in a low tone comes out of the 
"inverted" speech apparatus as a high 
pitched squeak, with a low grunt now 
and then due to the overtones in the 
original speech wave. 

On listening to inverted speech for 
the first time nothing is understood. 
It is as unintelligible as the strangest 
foreign language. However, one 
may learn to interpret it by listening 
to words first spoken normally and 
then translated by the speech inver- 
sion equipment. "Illinois Telephone 
Association," for instance, when in- 
verted sounds “Оуапеоп Playafiend 
Acecilofin.” To a considerable ex- 
tent, therefore, a person could learn 
this inverted language; but as there 
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are some sounds in it which the aver- 
age person would have difhculty in 
imitating, a vocabulary would have 
to be made up which did not contain 
them. 

The process is readily reversible. 
The "inverted" speech may be imi- 
tated before a microphone connected 
to the inverting apparatus which will 
translate it back again to English. 
'The intelligibility of the reproduced 
or reinverted speech depends only 
on the fidelity with which the invert- 
ed speech is imitated. In the invert- 
ing process there is practically no loss 
of quality so that phonograph records 
may be made of the inverted speech 
from which the sound may be picked 
up by an electric reproducer and re- 
inverted to normal English. 

Records of inverted speech were 


STEPS IN PROCESS 


FREQUENCY IN KILO-CYCLES 


Figure 1 


first made about a year ago by J. W. 
lIoirton to illustrate the nature and 
use of side bands in carrier com- 
munication. Complete equipment had 
been arranged for a demonstration 
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which was given in connection with 
a lecture by S. P. Grace at a conven- 
tion of the United States Independent 
Telephone Association in Chicago last 
October. Several phonograph records 
were made from inverted speech pro- 
duced by special laboratory apparatus 
which insured the best quality on the 
record. The records were played first 
to show how little resemblance the 
sound bore to ordinary speech. Then 
some of the inverted speech coming 
from the phonograph was picked up 
with a telephone transmitter and rein- 
verted by the portable speech-inver- 
sion set. In this way the reinverted 
speech, or ordinary English, would 
come from a loud speaker at the other 
side of the stage. Atthesame time the 
unintelligible output of the phonograph 
continued and could be heard but only 
faintly, since it was 
largely masked by the 
readily-understood re- 
inverted speech from 
the loud speaker. To 
show that the rein- 
verted speech actually 
came from the unintel- 
ligible sounds given off 
by the record, the tele- 
phone transmitter was 
moved away from the 
phonograph and as a 
result the translated 
speech stopped. 

In the actual ap- 
paratus two modulat- 
o ing steps are used, one 
at twenty and the 
other at seventeen 
| kilocycles, which 
give the same overall result 
that would be obtained from a single 
modulation at three kilocycles. In 
the process of modulating, certain 
distorting frequency components are 
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S. P. Grace and L. ТР. Davee illustrate the method of using a stage set-up of speech- 
inversion apparatus 


unavoidably introduced which are dif- 
ficult to filter out when the modulat- 
ing and modulated frequencies are 
too nearly alike, as would be the case 
when a voice band of from one to 
twenty-nine hundred cycles modulate 
a three thousand cycle frequency. By 
allowing the voice band to modulate 
first a twenty kilocycle frequency the 
distorting frequencies are eliminated. 

The inverting process “тау be 
readily followed by reference to 
Figure 1 which shows all the steps 
from the original band of voice fre- 
quencies to the inverted band and 
then back to the normal order. Fol- 
lowing up the diagram step-by-step, 
the initial band modulates a twenty- 
kilocycle frequency resulting in an 
upper and lower side band. The up- 


per is filtered out and the lower is 
then modulated by a seventeen kilo- 
cycle frequency. This again gives 
two side bands of which the upper ts 
filtered leaving the lower which is in 
the same range as the original voice 
band, from one to twenty-nine hun- 
dred cycles, but in the reverse order, 
one hundred cycles in the original 
band becoming twenty-nine hundred 
in the inverted band and the original 
twenty-nine hundred cycles becoming 
one hundred. The steps in reinvert- 
ing the inverted band to normal 
speech may be followed by continuing 
up the diagram. 

Inthe development of the apparatus 
and in the making of the records used 
by Mr. Grace, A. G. Landeen and 
A. C. Keller cooperated with the 
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author. The speech was delivered be- 
fore the microphone by L. Howell 
Davis of the Victor Talking Machine 
Company, who has an exceptionally 
good recording voice. While at pres- 


ent the system for reinverting speech 
is used only for demonstrations, it is 
possible that by-products arising from 
a knowledge of its capabilities may 
prove of considerable value. 


Transatlantic Telephony 


“The American Telephone and Telegraph Company has 
officially disposed of recent rumors that transatlantic radio tele- 
phone communications are not being employed as much as 
might have been expected. At the close of the first year’s 
operation the service is finding a steady and increasing use and 
probably will be extended. . . . The daily period of ser- 
vice has been extended from four апа а half hours to ten and 
а half hours, during which excellent transmissions are ob- 
tained. . . . Improved service is bound to mean in- 
creased capacity and diminished cost. The first year's experi- 
ment may safely be taken as а prophecy that telephoning be- 
tween the United States and Europe will soon become as com- 
monplace as telephoning now is between New York and every 
other important American city.” 


Editorial, New York Sun, January 20, 1928. 


From January 7, the first day of service, to December 20 
there were 2173 calls, of which about nine-tenths were com- 
pleted. 1159 of the calls originated in America, and 1014 іп 
Britain. By November the traffc for an average business day 
was seven and three-fourths completed calls lasting five min- 
utes each, and each representing a cost of $125. By means of 
the transatlantic telephone service, this month there will be a 
joint meeting of the American Institute of Electrical Engi- 
neers, holding its Mid-Winter Convention in New York, and 
the Institution of Electrical Engineers, meeting in London. 


BRIER IER аа Aw IBN Iw HR IER HOO MOX IO IO IEN EIEN EIEN AES IER 


«What Are The Chances That..." 


By THORNTON C. FRY 


Research. Department 


VERYBODY asks this ques- 
k tion; but not everybody under- 

stands how to answer it. In 
fact the attempt to find answers to 
questions of this sort has led to an 
entire branch of mathematics — the 
Theory of Probability. Of its many 
aspects, this short article considers 
only one: the reasons for expressing 
measurements of probability in the 
form in which they are ordinarily 
given. 

In the first place, as every one 
knows, to measure anything there 
must first be a unit of measure. Also, 
although one thinks of this particular 
fact a little less often, there must be 
an agreement upon a method of divid- 
ing the chosen unit before one can 
measure magnitudes not exactly a 
unit in amount. In measuring length, 
for example, (and the same is true 
of any other quantity) we must have 
a unit and we must agree upon a 
method of subdividing this unit. 
From a standpoint of common sense, 
it seems reasonable to have a scale 
of such a nature that when two like 
objects are placed end to end we 
shall find their combined length to be 
represented by just twice as great a 
number as the length of either one 
alone. Such a scale we call a "'uni- 
form scale." 

The same ideas apply when we 
come to set up a scheme for measur- 
ing probability. Rather illogically, 
perhaps, we shall take up these two 


points in their inverse order, first 
discussing what we mean by a uni- 
form scale of probability and then 
defining our unit of measure. Ап 
illustration will help in developing 
our ideas. 

Imagine two men talking about 
Peary's trip to the North Pole, and 
one of them asking: ‘‘What is the 
chance that he got there on Sunday ?" 
Obviously there is no point in asking 
this question if they know the an- 
swer, so we shall assume that they, 
like ourselves, are ignorant of the 
actual recorded day. 

To this question we can not give a 
definite answer until we have defined 
our method of measuring probability, 
so we must do what we always do 
with unknown numbers: represent 
the desired answer by a letter, p. 
Next, we remember that, since we are 
in complete ignorance as to when 
Peary arrived at the North Pole, the 
chance of his having reached there 
on Monday, or Tuesday, or any 
other day of the week, is the same as 
the chance of his having reached 
there on Sunday. All of these then 
are equally likely. In other words, 
we have seven equally likely possibil- 
ities. 

If we had seven equally long ob- 
jects, the length of each being J, 
we could begin to construct a uni- 
form scale of length by putting two 
of them end-to-end and calling the 
resultant length 2/; then adding on a 
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third and calling the new length, 3/; 
and so on. We ought, therefore, by 
making the proper use of our equally 
likely things, to be able to construct 
a uniform scale of probability. The 
only difficulty appears to be that of 
finding a suitable analogue for “‘end- 
to-end", and this difficulty can be re- 
solved by a very simple observation. 

If we ask, "What is the chance 
that he arrived on either Sunday or 
Monday," it seems just as natural 
to represent the answer by 2p as it 
does to represent the combined length 
of two of our like objects by 241. 
This relationship of “either - or" 
therefore occupies the same place in 
our thought processes regarding 
probability that “end-to-end” does in 
geometry. It is not mecessary that 
we should represent the probability 
of his having arrived on either Sun- 
day or Monday by the number 2), 
but it impresses us as a very sensible 
thing to do. Similarly, we say the 
chance of his having arrived on either 
Sunday, Monday, or Tuesday should 
be 3p; the chance of his having ar- 
rived between Sunday and Wednes- 
day 4p, and so on. Finally, after we 
have put all of our equally likely 
things "end-to-end" in this way, we 
arrive at the conclusion that the 
chance of his having arrived on some 
one or other of the seven days of the 
week is 7p. Beyond this point we can- 
not go—dand herein lies one very 
fundamental difference between mea- 
suring probability and measuring 
length — for some one of these things 
must have happened. There are no 
further possibilities, and so 7p must 
be that number which represents cer- 
tainty. 

That is how we set up our uniform 
scale of probability. Now how shall 
we choose our unit of measure? As 


there is little to guide us in this mat- 
ter, our choice must be more or less 
arbitrary, as it is in the choice of a 
unit of length. It has always seemed 
to me that the most suitable choice 
would be one which caused certainty 
to be represented by =x, that is 
“infinity,” for certainty is the biggest 
possible probability in the same sense 
that oois the biggest possible number. 
Yet, curiously enough, this is about 
the only symbol which we cannot use 
for certainty. For suppose we do: 
then we arrive at the conclusion in 
our Peary illustration, that 7p — œ. 
Then p must be one-seventh of infin- 
ity and since infinity is by definition a 
magnitude so great that its parts are 
also infinite, we come to the state 
ment that p —oo too. Thus we become 
involved in the absurdity that the 
chance of his having arrived on Sun- 
day 15 represented by the same sym- 
bol as certainty, though obviously we 
are not at all certain that he did. 
We must therefore admit—and for 
my part the admission is always made 
with a feeling of regret— that this 
choice will not do. 

Among other numbers which might 
possibily represent certainty there is 
no one which has any greater claim 
than the number r itself. "Therefore 
it has come about, that a thing is said 
to have a probability 1/2 when we are 
sure that either it, or one of n-1 other 
equally likely things, is bound to hap- 
pen. [п our particular illustration we 
put 7p equal to 1, and conclude that 
the chance р of Peary having 
reached the North Pole on Sundav is 
just one-seventh. | 

This, then, is the exact answer to 
the question, “What are the chances 
that It is a number read from 
a uniform scale of probability in 
chich the unit of measure is certainty. 
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The usual definition reads: "If of 
n possible cases, m are favorable to 
the occurrence of an event, and if all 
cases are equally likely, the probabil- 
ity that the event will occurr is m/n. 

As the “‘cases” spoken of in this 
definition are equally likely, the prob- 
ability of any one may be represented 
by р. As only n аге "possible"— 
which means that some one of them 
is sure to occur — we know that мр 
=— І. Hence р = 1/n. Finally, if we 
consider the m "favorable" cases, 


means that our event always accom- 
panies these "cases", and never hap- 
pens otherwise, it follows that the 
probability which we seek is really 
m/n. 

So the two definitions are equival- 
ent after all, and we will get to the 
same result in the end whichever one 
we use. For myself, however, I like 
best the one to which this article has 
led us, for it seems to me to give us a 
somewhat clearer insight into what 
we really do when we answer the 


their combined probability must be question, “What are the chances 
m/n; and as “favorable” merely that s 
oC OR 


Direct Telephone (oircuits 


A direct circuit from New York to Tampa, Florida, 1225 
miles long, was opened December 17. This is in accordance 
with the policy of eliminating the need for switching wherever 


traffic justifies direct circuits. 


The number of such circuits 


between far distant cities 1s much greater than 1s supposed. 
Between Los Angeles and New York there are two direct cir- 
cuits, each 3412 miles long, the longest direct circuits in the 
world. Between Los Angeles and Chicago there are four, each 
about 2600 miles in length. Of the longer direct circuits from 
New York, one runs to Dallas, 1900 miles; two to Havana, 
about 1700 miles each; four to Miami, about 1400 miles; 


and three to New Orleans, 1450 эле. 


The greatest wire 


mileage in а single group is between New York and Chicago, 
where there are thirty-three direct circuits whose total length 


is 29,882 circuit miles. 
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Tooling-Up the Drafting Room 


By W. L. HEARD 


RAFTING has been an out- 
|р) post of conservatism in the 

adoption of modern me- 
chanical methods. There are good 
reasons for this because drafting is a 
dificult field for short cuts. Тһе 
tracing cloth on which drawings are 
made is not friendly to stamps or 
stamping methods. Special inks must 
be used for the sake of durability and 
their slow drying is discouraging to 
speed. However, a very effective tool 
for simplifying the lettering of draw- 
ings was developed a few years ago 
and quickly adopted by the systems 
and other drafting rooms in the 
Laboratories. 

The Wrico lettering guide, as it is 
called, is a plate of transparent ma- 
terial, punched full of apparently 
meaningless and odd shaped holes. 
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Figure 1—Method of making letter В with a standard 


Wrico guide 


These holes are along a narrow strip 
down the center of the plate, which 
has parallel edges so it may be placed 
against the “Т” square. This central 
strip is thinner than the rest of the 


plate so that its under surface will 
clear the tracing cloth by a small dis- 
tance and thus not smear the ink 
when it is moved along the board. 
Seemingly made at hazard, these 
holes are actually very carefully 
shaped so that they may serve as 
guides for a special pen with which 
lettering may be quickly and neatly 
done. As an example of the method, 
Figure 1 shows the two successive 
steps by which the letter “В” is made. 
After the first part of the letter has 
been formed the guide is moved along 
to the hole that is used to make the 
second part. 

All drawings have titles and gen- 
erally other lettering so that a simpli- 
fied lettering system was naturally the 
first short-cut method to be produced. 
In drawings of telephone systems, 
however, relays in 
their many forms rank 
second only to letters 
in the number used. 
As they are much 
more complicated than 
letters, however, they 
require corresponding- 
ly more time to make 
and offer greater in- 
ducements for the use 
of labor saving de- 
vices. The effort was 
made, therefore, to adopt the 
principle of the Wrico guide to the 
making of relay symbols. After a lit- 
tle experimenting the guide shown as 
Figure 2, now known as the Wrico 
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Figure 2—MW rico special guide CC-1 


Special Guide No. CC-1, was devised. 

Dozens of different types of relays 
are indicated on systems drawings, of 
which a few are shown as Figure 3. 
Any one of these may be quickly, 
easily, and uniformly made by the 
use of this special guide. Го one at 
all familiar with drafting methods 
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the great saving in 
time made by the use 
of this tool is evident. 
In addition there 
is a noticeable im- 
provement in uniform- 
ity. Each type of re- 
lay is always made ex- 
actly the same no mat- 
ter which draftsman 
may be doing the 
work. 

These more me- 
chanical methods are 
a convenience to all grades of drafts- 
men but they are peculiarly valuable 
to beginners for they permit them to 
become productive early in their 
training and at the same time they 
free the more expert for work on 
which their craftsmanship will find a 
wider field of usefulness. 
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Figure 3—Typical relay symbols used on systems drawings 
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WILLIAM F. HOSFORD 
Director, Bell Telephone Laboratories 


Recently elected a Director of the Western Electric Company and its Vice- 
President in charge of Manufacture, Mr. Hosford was elected a Director 
of the Laboratories to succeed Charles G. Du Bois 
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News 


Mr. JEWETT spoke at the Alumni 
Dinner of Massachusetts Institute of 
Technology held January 7 in Bos- 
ton, on “Scientific Education— Do 
We Know What We Want and Can 
We Get It?” 

Mr. JEWETT attended the hearing 
of the Federal Radio Commission in 
Washington on January 17 and 18. 

Mr. Скағт has been visiting a 
number of cities on the Pacific Coast. 
He spoke on Coordination of Re- 
searches to sections of the A. I. E. E. 
at Seattle, Portland, San Francisco 
and Los Angeles, and to the Electri- 
cal Development League at San Fran- 
CISCO. 

J. W. Horton spoke to the Collo- 
quium Janvary 9 on Frequency Meas- 
urements, and E. U. Condon Janu- 
ary 16 on Recent Developments in 
Quantum Theory. 

А FEATURE of the recent annual 
convention of the I. R. E. held in 
New York on January 9, ro, and 11 
was an inspection trip to 3XN, our 
radio experimental station at Whip- 
pany, New Jersey, at which there 
were about four hundred members of 
the Institute. Following a buffet 
luncheon, the group inspected the new 
fifty-kilowatt broadcasting transmit- 
ter and also a set for measuring radio 
field strength, recently developed for 
commercial sale. 

DURING 1927, the American Tele- 
phone and Telegraph Company con- 
ducted a comprehensive study of 
commercial aviation in its present 
ecnomic, commercial, and technical 
aspects with the conclusion that it 
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Notes 


could serve the industry by a further 
development of equipment and 
methods for communication along 
airways and to airships. Readily 
available means of communication, 
both wire and radio, should help to 
minimize the hazards of weather, of 
losing the course along the airway, 
and of collision. The problem is at 
first one of research and develop- 
ment, and the Bell Telephone Labo- 
ratories have, therefore, included in 
their 1928 program a substantial 
amount to be devoted to the advance- 
ment of safety in aviation by the ap- 
plication of electrical communica- 
tions. 
RESEARCH 

C. J. Davisson, L. H. Germer, K. 
K. Darrow and E. U. Condon were 
members of a party of eighty-five 
physicists entertained January 7 at 
the private research laboratory of 
Alfred L. Loomis at Tuxedo Park. 
The occasion was a conference on 
atomic physics held in honor of Pro- 
fessor J. Franck of Göttingen. 

D. A. MacINnes of the Rocke- 
feller Institute visited the Labora- 
tories January 19, and spoke inform- 
ally to members of the Chemical 
Group. 

W. E. CLEMENCY visited the Kim- 
ble Glass Company at Vineland, 
New Jersey, to select glass tubing for 
use in machines for filling transmitter 
buttons. 

К. M. Burns attended a meeting 
on corrosion held in Chicago Decem- 
ber 6 to 8 under the auspices of the 
American Petroleum Institute. He 
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also visited the Forest Products 
Laboratory at Madison, Wisconsin, 
for a discussion of wood acidity, 
which was continued when Dr. L. F. 
Hawley of that organization visited 
West Street. 

C. A. FiNLEY was at Hawthorne 
for about two weeks beginning Janu- 
ary 5, instructing personnel there in 
methods of adjusting and testing the 
1-A apparatus test set. 

Е. Е. FAnNswoRTH and С. D. 
Hocker attended a sub-committee 
meeting of the American Society for 
Testing Materials in Philadelphia on 
January 9. The meeting dealt with 
preparation of specifications for gal- 
vanized wire and stranded wire. 

H. A. FREDERICK, D. G. Blattner, 
H. C. Harrison and A. C. Keller at- 
tended the monthly conference with 
the Victor Talking Machine Com- 
pany on December 12 at Camden, 
New Jersey. 

H. A. HENNING visited the Victor 
plant at Camden January 9 and to 
to investigate the extent of the spe- 
cial experimental records available. 

J. W. Horton spoke on “Televi- 
sion” to the Boston Section of the 
A. I. E. E. on January rr. 

G. W. ELMEN has been recom- 
mended for the Elliott Cresson Gold 
Medal by the Franklin Institute 
Committee on Science and the Arts. 
The recommendation is “іп consider- 
ation of his extended researches in 
the magnetic charactertistics of nick- 
el-iron alloys resulting in the inven- 
tion of permalloy." 

Н. E. Ives spoke on Television to 
а regional meeting of the A. I. E. E. 
at Norfolk, Virginia, оп December 
20. At the same meeting H. P. 
Charlesworth, Plant Engineer of the 
American Telephone and Telegraph 
Company, spoke on Transatlantic 


Telephony, C. A. Robinson, 
Chief Engineer of the Chesapeake 
and Potomac Telephone Company, 
spoke on Picture Transmission, and 
C. O. Bickelhaupt, Vice-President of 
the Southern Bell Company, spoke 
on the Progress of Communication. 
From Norfolk Mr. Ives went to At- 
lanta, Georgia, where he spoke on 
Television on January 23. 


INSPECTION ENGINEERING 


H. W. NEWLUND, who has been 
assisting К. C. Kamphausen in the 
St. Louis field territory, has been ap- 
pointed Local Field Engineer at St. 
Louis. Mr. Kamphausen has re- 
turned to New York for a special as- 
signment in field engineering work. 

D. S. BENDER has been appointed 
Local Field Engineer in the territory 
of the Southern New England Tele- 
phone Company, with headquarters 
in New York. Mr. Bender takes the 
place of R. J. Nossaman, who will 
now give all his time to directing the 
Field Engineering forces. 

J. A. Sr. CLAIR, Local Field En- 
gineer at Atlanta, recently visited 
Jacksonville, Miami, West Palm 
Beach and other Florida points in 
connection with regular work in his 
territory. 

J. M. ScHAEFER, Local Field En- 
gineer at Omaha, visited. Denver, 
Minneapolis, and Enderlin, North 
Dakota, recently. 

S. H. ANDERSON, and J. R. Stone 
of the Systems Development Depart- 
ment, visited several central offices 
in Philadelphia on December 20 with 
engineers of the American Telephone 
and Telegraph Company and of the 
Western Electric Company, to study 
the commutation on Type M gen- 
erators. 
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OUTSIDE PLANT DEVELOPMENT 


C. D. HOCKER attended a meeting 
of the American Society for Testing 
Materials in Philadelphia on January 
9. On January 10 and її Mr. 
Hocker and F. D. Powers visited the 
Bureau of Standards and the Depart- 
ment of Agriculture in Washington, 
in the interest of studies of the char- 
acteristics of rope, friction tape, rub- 
ber tape and leather. 

C. S. Сокром, with engineers of 
the American Telephone and Tele- 
graph Company, was in New Haven 
January 6, in connection with studies 
of drop wire attachments. 

E. M. Honan attended a sectional 
meeting of the Rubber Committee of 
the American Society for Testing 
Materials, held in Buffalo on Decem- 
ber 1 and 2. 

S. C. MILLER visited manufactur- 
ing plants in Lebanon and Pittsburgh 
during the early part of January in 
connection with development work on 
outside plant hardware. 


PATENT 


DuniNG the latter part of Decem- 
ber and the earlier part of January 
W. G. Crawford, G. T. Morris, J. C. 
R. Palmer and J. W. Schmied were 
in Washington for the prosecution of 
applications for patents. During the 
same period J. A. Hall visited Chi- 
cago in connection with patent mat- 
ters. 

LABORATORIES motorists will ‘be 
interested in learning that W. C. 
Kiesel has been appointed Recorder 
of the Borough of Florham Park, 
New Jersey. The office is collo- 
quially known as Justice of the Peace. 


SYSTEMS DEVELOPMENT - 


О. Н. Корр, W. Whitney and L. 
Е. Porter visited during the past 


month the new Main office at Cleve- 
land, which was placed in service 
early in December. 

W. L. РорсЕ, E. W. Hancock and 
G. A. Hurst spent several days in 
Boston, investigating a trial installa- 
tion of new message registers. 

А. Е. Вовмѕ made studies of pro- 
tection by high speed interrupters at 
Syracuse and Utica. 

F. B. ANDERSON and T. A. Mar- 
shall observed trials of new testing 
methods for high insulation at Har- 
risburg. Shippensburg, Ligonier and 
Pittsburgh, on the New York-Chi- 
cago cable. In preparation for the 
trial, B. W. Kendall visited the Train- 
ing School for the testboard men who 
were to carry on the test. He talked 
to the school, and inspected the new 
measuring apparatus. 

H. T. LANGABEER visited Buffalo 
to test a new model gas-engine gen- 
erator set. 

A. D. KNowLTON visited. Haw- 
thorne for manufacturing informa- 
tion regarding proposed new develop- 
ments of P. B. X. switchboards. 

R. D. DeKay visited West Lynn, 
Massachusetts, and J. R. Stone, Fort 
Wayne, Indiana, for discussions with 
engineers of the General Electric 
Company. 

C. E. Boman and R. E. Noble 
visited the new step-by-step and toll 
installation at Utica. 

Е. T. FORSTER discussed storage 
battery equipment with the Electric 
Storage Battery Company at Phila- 
delphia. 

W. L. Ross visited the Westing- 
house Electric and Manufacturing 
Company at Pittsburgh to discuss a 
rectifier for use with P. B. X. boards. 
'Then he went with L. Earl to Mercer, 
Pennsylvania, to conduct noise tests 
on an automatic power plant. 
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Otto Muller and his birthday cake 


J. К. Kipp is representing the trial 
installation group at Chicago, look- 
ing after the first installation of a 
semi-automatic P. B. X. using line 
finders. 

To observe the thirty-fifth anni- 
versary of his joining the Bell Sys- 
tem, friends of Otto Muller pre- 
sented him with a cake and held a 
short celebration in his honor, in the 
Model Shop. Behind Mr. Muller 
and the cake is a large model which 
he made recently, showing a receiver 
and transmitter in cross section. 


GENERAL STAFF 


S. P. GRACE spoke on January 17 
before the A. I. E. E. Section at Erie, 
Pennsylvania, on recent developments 
of the Laboratories, particularly 
speech inversion. 

DURING January, John Mills visit- 
ed several universities in the South 
describing to students of science the 
work and organization of the Labo- 
ratories and particularly discussing 
the problems of a graduate in starting 
as an engineer. He visited Duke Uni- 
versity, University of North Caro- 
lina, North Carolina State College, 
and in company with Kendall Weis- 
iger of the Southern Bell Telephone 
and Telegraph Company he also 
visited Emory University, Georgia 
School of Technology, and the Ala- 
bama Polytechnic Institute. At the 
latter institution he spoke over the 
radio on "How Your Radio Works." 

UNDER the auspices of the New 
England Telephone and Telegraph 
Company, on January 18, P. B. 
Findley addressed the Boston post 
of the American Signal Corps Asso- 
ciation on some of the fundamental 
principles of electrical communi- 
cation. 
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The Twenty-Four Inch Cone 


By G. R. LUM 
Apparatus Development Department 


AVING passed the Appara- 
H tus Development Depart- 

ment’s examinations, the new 
Five-Sixty Type Loud Speaking Tele- 
phone is ready to make its bow to the 
public and take its place in the tele- 
phone and radio world. Manufac- 
ture of its predecessor, the Five- 
Forty Type, will be discontinued as 
the newer one becomes available for 
sale. 

With a twenty-four inch cone in- 
stead of the eighteen inch of the old- 
er type, the new speaker will repro- 
duce the lower frequency tones some- 
what more perfectly than is possible 
with a lesser diameter. In addition 
to this major improvement the driv- 
ing rod has been shortened which 
makes it stiffer and the driving action 
more positive. 

The soft brown color of the five- 
forty has been retained for the new 
cone but the relatively large blank 
surface has been relieved by a wider 
border which harmonizes with an 
eight cusped design at the center. On 
the whole the pattern is more grace- 
ful and pleasing than the severe and 
somewhat scantier design of the five- 
forty. | 

Like the older cone, the five-sixty 
is made with three types of terminals, 


the pin tips, the telephone plug, and 
the two-prong Hubbell plug. The 
power requirements are the same and 
in all respects the newer model may 


The twenty-four inch cone 


be used in place of the older one. The 
thirty-six inch cone described in the 
Record for December two years ago 
still proves to be a leader and the 
five-sixty will readily take its place as 
a brilliant younger brother. 
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Club Notes 


HANDBALL 


HE Club Handball tourna- 

| ment will be held on Tuesday 
and Thursday evenings, during 

March, at Labor Temple, under the 
same rules used for the last tourna- 
ment. АП matches will be decided 
by one game except the semi-finals 
and finals, where the victors must 
win two out of three games. There 
are to be four prizes, and in addition 
the team for outside competition will 
be chosen on the basis of showing in 
the tournament. Entries should be 
sent to D. D. Haggerty by February 
25, with a fee of twenty-five cents. 


BASKETBALL 


А most exciting and interesting 
basketball game was staged at Stuy- 
vesant High School on Wednesday 
evening, December 14, between teams 
representing the Laboratories and 
the Hudson Street forces of Western 
Electric. Assisted by five hundred 
rooters from West Street, our team 
defeated Hudson Street by a score of 
27 to 22, and thereby won undisputed 
title to the metropolitan champion- 
ship of the Bell System. Our team 
started the second half with 11 points 
against 16 for Hudson Street, and 
within forty-five seconds tied the 
score. From then to the end it was a 
battle which those present cannot 
soon forget. Both teams played top- 
notch basketball throughout. O'Neil, 
Maurer, Gittenberger and Steinmetz 
starred throughout the season and 
finished among the first twenty in 
points scored. 


Due to the exceptional interest 
shown by both players and spectators 
the Bell Systems League is here to 
stay. Plans have been made for the 
1928 season, and four other branche: 
of the System have been invited to 
take part in the activities of the 
league. 

The first half of the departmental 
league's season ended with the 
Equipment team on top and unde- 
feated. The second half began on 
January 17 and will end the latter 
part of this month. The Equipment 
team, which now holds the champion 
ship trophy, will play the team lead- 
ing in the second half of the season 
for possession of the championship 
trophy for the coming year. 
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There will be no scheduled hikes 
this month, but those wishing to plan 
trips of their own can get informa- 
tion and assistance from Phyllis Bar- 
ton, who has maps and a great store 
of facts about the surrounding coun- 
try. 


Music 
The Club Quartette was the guest 
of Western Electric Post of the 
American Legion at its December 20 
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meeting, and rendered several selec- 
tions during the dinner period and 
also during the open meeting which 


f ollowed. 
BRIDGE 
The first half of the men’s bridge 


tournament came to a close Monday 
evening, January 9, with T. V. Bor- 
land in first place and C. A. Smith 
and H. M. Hagland second and third 
respectively. The race was close 
from the first, and it was not until 
the last hand had been played on the 
last night that the winner was known. 
The second half of the season, con- 
sisting of ten nights of play, started 


January 23. 
WOMEN'S ACTIVITIES 


GOLF 


The women interested in golf will 
be glad to know that they can take 
lessons at the Vander-Built-In Golf 
Course on Forty-Second Street. Tick- 
ets are a dollar and a half per lesson, 
and can be secured through Marie 
Boman or Vivian Kilpatrick. 


Another season of fun and instruc- 
tion has started at the Carroll Club 


under Miss Stiehl's direction. Each 
Monday at seven and each Wednes- 
day at five-thirty the women gather 


for a half hour. For a time it was 
doubtful whether a class could be 
scheduled at the Monday night 
period, but those who were a bit blue 
over the prospect are now corre- 
spondingly glad that it is going ahead. 
One of last season's swimmers said 
that never before had she learned so 
much in such a short time. 


BRIDGE 


Don't forget that Tuesday is bridge 
night, with play starting in the Rest 
Room at five fifteen. The Mid-Win- 
ter Tournament is just getting into 
swing, and Katherine Munn would 
like to have all her players lined up 
as soon as possible. 


BASKETBALL 


The outside schedule of the Wom- 
en’s Basketball team is about half 
completed, with gratifying results so 
far. Тһе members enthusiastically 
striving to keep up the record are 
Natalie Skinner, Lillian Kaempffe, 
Mandy Reinbold, Jean Hassett, 
Marie Boman, Margaret Brisbane, 
Alice Pease, Marion Grimm, Ann 
Barioni, Harriet Newman and Mary 
Zworick, and several others who come 
out for practice and are ready to sub- 
stitute if needed. The remaining 
games definitely scheduled are a re- 
turn game with the Vacuum Oil Com- 
pany at Labor Temple on February 
9, a return game with the Seaboard 
National Bank at the Bowling Green 
Association February 16, and the 
game all are especially awaiting, with 
the People's Palace in Jersey City on 
Tuesday, February 21, at six o'clock. 
To complete the season there will be 
a few more games booked. 


Life Insurance by Payroll Deduction 


Life insurance may now be carried by members of the 
Laboratories by means of monthly deductions from salary. 
This is a natural complement to the stock purchase and 
savings plans. Policies taken out under this arrangement 
will be written by the Equitable Life Assurance Society, 
the company chosen after a thorough investigation. 

All of the Equitable’s standard forms of policies are 
available and the regular quarterly rates will be charged 
although payments occur monthly. In addition to the 
convenient payments, the plan provides that no medical 
examination will be required except for policies ove 
$10,000 and except in instances where the health declara- 
tion makes it desirable. 

All negotiations except payment of premiums will be 
carried on by the individual directly with the Insurance 
Company. Mr. L. M. Bunting, an expert on all phases of 
life insurance, now occupies Room 144 and members of 
the Laboratories should consider that he is available for 
consultation regarding their insurance problems. This 
consultation is entirely confidential and implies no obliga- 
tion. Bearing in mind that probably as much as four-fifths 
of all the money men leave to their families 1s in the form 
of life insurance, the importance is obvious of obtaining 
the best possible advice and assistance. 
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A New Loud-Speaking Receiver 


Ву A. L. THURAS 
Research Department 


Р | “НЕК has been developed 
in Bell Telephone Labora- 
tories a loud-speaking receiv- 

er which differs in many respects 

from previous devices. [n com- 
mercial form known as the Western 

Electric 555-W Receiver, the device 

has already found application to talk- 

ing motion-pictures. 

Briefly, the new receiver consists 
of a duralumin diaphragm to which 
is attached a coil of flat aluminum 
wire. Audio currents circulating in 
this coil interact with a steady mag- 
netic field, forcing the diaphragm 
in and out of an air-chamber of novel 
form. Аіг-мауев thus set up are 
radiated through a horn. 

One of the things which may limit 
the sound-radiating efficiency of the 
horn type of loud speaker is interfer- 
ence between air waves as they pass 
through the chamber between the dia- 
phragm and the throat of the horn. 
In many forms of loud speaker, the 
dimensions of this chamber are com- 


Fptror’s Note: The definitive technical pres- 
entation of this development appears іп an 
article by E. С. Wente and А. L. Thuras in 
Bell System Technical Journal for January, 1928. 


parable with wave-lengths of sound 
within the audible range. To avoid 
this effect, and the resultant irregu- 
larities in the frequency-response 
curve, the air chamber in this re- 
ceiver is so constructed that no seri- 
ous phase-differences can occur within 
the useful range of wave-lengths. 

Another factor which has come out 
of development studies on receivers 
is the desirability of having the dia- 
phragm vibrate to and fro as nearly 
like a rigid plunger as possible. An 
ordinary flat piece of metal clamped 
around a circular edge assumes a 
domed shape when vibrating at low 
frequencies. The diaphragm can be 
made to vibrate with its central por- 
tion essentially unflexed by adopting 
a shape which makes it less rigid near 
the edge and more rigid toward the 
center and then applying the force 
uniformly around the outside of the 
central portion. 

These things are accomplished by 
the shape of diaphragm illustrated in 
Figure 1. It is made of a single piece 
of sheet aluminum alloy 0.002 inch 
thick. To this is fastened a driving 
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A bove, the Western Electric No. 555-W Receiver ready to be attached to a horn; 
below, the horn-coupling opened to show the novel form of the air chamber 
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coil of circular form, indicated by 
(B) in Figure 1. This coil, which is 
itself of a novel type, is mounted 
rigidly on the diaphgram. In the as- 
sembled receiver it moves up and 
down in the annular space between 
the ring-shaped pole pieces of an elec- 
tromagnet. Between the coil and the 
clamped edge, the diaphragm is cor- 
rugated tangentially to prevent re- 
sonance. This idea was developed 
in the Laboratories by H. C. Harri- 
son and is incorporated in the sound- 
box now used by the Victor Talking 
Machine Company. 

The driving coil (B) is a single 
layer of aluminum ribbon o.or5 inch 
wide and 0.002 inch thick wound on 
edge. Тһе turns are held together 
by a thin film of insulating lacquer 
about 0.0002 inch thick which is 
thoroughly baked after the winding 
is completed. Thus the coil becomes 
mechanically self-supporting, and 
rigid, and is very light. Ninety per 
cent of its volume is occupied by 
metal, and since the metal is continu- 
ous between the outer and inner sur- 
faces, heat is conducted outward quite 
readily so that larger power input 
can be used without danger of warp- 
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ing through overheating. There is but 
a single layer, and so the distributed 
capacity of the coil is very small. 
Partly for this reason, the impedance 
of the coil is a resistance nearly con- 
stant with frequency —a factor in 


Fig. 1. — A sectional view of the loud 
speaker: A, the diaphragm; В, the driving 


coil 


the flatness of the frequency-response 
curve. Aluminum was selected instead 
of copper because its much smaller 
weight yielded less mass-reactance at 
high frequencies. The resulting gain 
in efficiency at the upper end of the 
spectrum more than counterbalanced 
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Fig. 2 — Performance of the 555-W Receiver. 


The solid curve was calculated; 


the other curves represent actual measurements 
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Details of the 555-W Receiver. At top, the receiver separated at the air-gap. The 

driving coil is seen attached to the diaphragm. Below, the diaphragm and its mount- 

ing-plate separated as the leaves of an opened book. At bottom, the progressive 
assembly of the coil on the diaphragm 
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the somewhat increased electrical loss. 

The manufacture of the coils is a 
story in itself which is to be told in a 
later issue of the RECORD. It has been 
shown that it is feasible to make the 
coils in quantities within narrow tol- 
erances so that very small clearance 
between the coil and the electromag- 
net can be obtained. Small clearance 
facilitates the dissipation of heat and 
makes more effective use of the steady 
field so that a smaller magnetizing 
force can be used. Studies were made 
of both permanent and electromag- 
nets as the source of the steady field; 
the electromagnet was adopted for 
the commercial receiver. 

An outstanding feature of the re- 
ceiver is the high efficiency with which 
it converts power from that of elec- 
tricity to that of sound. For the ex- 
perimental model, efficiencies as high 
as fifty per cent are realized. When 
it is recalled that the resulting sound 
intensities are only three transmis- 
sion units lower than those to be ob- 
tained at one hundred per cent efh- 
ciency, it will be understood that little 
is to be gained from any further in- 
crease in efficiency, except in so far 
as reduction in the percentage of loss 
enables greater power to be handled 
without exceeding a safe operating 
temperature. When coupled to a 
suitable horn, fifteen watts of sound 
power can be radiated. 

Variation of efficiency with fre- 
quency was measured by two methods. 
The results are given in Figure 2 
where the efficiency is expressed both 
in percentages and as TU below the 
ideal maximum of тоо per cent. The 
smooth curve in this figure is calcu- 
lated theoretically from the mechan- 
ical and electrical constants of the 


system. The tests are seen to agree 
well with theory except for some ir- 
regularities at the high-frequency 
side. As the actual efficiencies are 
above the theoretical the receiver unit 


The 555-W Receiver is tested by connect- 

ing it to a long tube and measuring its 

input to this acoustic “line”? by the con- 

denser transmitter. shown оп top of the 

tube. Theodore Osmer had a large part in 
the development work 


may be said to have exceeded expecta- 
tions for these frequencies. 

At high frequencies the power out- 
put is limited solely by the current- 
carrying capacity of the coil. А 
temperature rise of one hundred de- 
grees centigrade in the coil is allow- 
able, corresponding to a continuous 
power input of thirty watts. This 
means fifteen watts of sound power 
at fifty per cent efficiency. 
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Step-By-Step Cordless “В” Board 


By W. J. LACERTE 
Systems Development Department 


N the course of converting the 

telephone equipment of a com- 

munity to a dial basis, it 15 
necessary during the transition to 
handle calls in both directions be- 
tween the older manual and the newer 
mechanical offices. And even when 
complete conversion to machine- 
switching takes place, it will still be 
necessary to transfer many toll calls, 
incoming and outgoing, between the 
two types of equipment. For traffic 
originating at machine-switching of- 
fices the electrical signals are trans- 
lated into numbers displayed before 
an operator at the distant manual 
office or at an intervening manual tan- 
dem center. In the other direction, 
calls to panel offtces have long been 
translated into the machine's lan- 
guage by depression of keys provided 
at an incoming trunk board* in the 
machine-switching office. Until re- 
cently, however, step-by-step offices 
have received their incoming calls 
from manual offices by dialed signals 
from those offices, the arrangement 
being known as the "out-dialing 
trunk" system. 

From operating and traffic stand- 
points this procedure is quite satisfac- 
tory, but under certain conditions 
recently encountered it does not bring 
about the most efhcient use of equip- 
ment. In addition to modification of 
trunks to the step-by-step ofhces, it 


* For. the same purpose, equivalent key 
equipment may be installed instead at each 
A-board position. 


necessitates provision of dials at ail 
subscribers’ and tandem switchboard 
positions and dialing equipment on all 
the cords. That arrangement is the 
most economical in a small commu 
nity, but for a step-by-step office near 
large metropolitan area it involves 2 
large investment in dialing equipment 
at the manual offices, used in mos 
cases on a comparatively small part 
of the outgoing calls. 

For such situations a cordless in- 
coming-trunk board is now available. 
which concentrates the facilities for 
conversion of the calls at the step-by- 
step office, where the incoming calls 
converge. The first installation is in 
service at McKeesport, Pennsylvania. 
a manufacturing city in the Pittsburgh 
district served by a step-by-step office. 
With its use no modification of man- 
ual switchboards or trunks is needed 
to permit completion of calls from 
subscribers in Pittsburgh or its trunk- 
ing area. The originating operator's 
work is the same as with a straight. 
forward call to a manual subscriber. 
The call is transferred to machine- 
switching equipment at the termi- 
nating office, and at that office all 
the necessary equipment is located. 

For the calling subscriber there is 
no indication that his call is receiving 
special handling. His operator asks 
him for the number wanted: after she 
acknowledges it, he hears the order 
signal, the same "zip-zip" tone used 
in manual practice. Thereupon the 
"A" operator states the number 
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wanted, and thus finishes her work 
until the conversation is finished; 
after a short interval the calling sub- 
scriber hears the ringing signal which 
indicates to him that connection has 
been completed as far as the line of 
the person wanted. But he has had 
no intimation that the 
connection has taken 
place through step-by- 
step switches, or been 
guided by controlling 
circuits of machine- 
switching equipment. 
At the terminating 
ofice is а ‘‘complet- 
ing" operator who re- 
ceives and acknowl- 
edges the order just 
as a manual “В” oper- 
ator would. Through 
a group of ten numer- 
ical keys she communi- 
cates the number to the 
completing switches, 
pressing in turn the 
keys corresponding to 
the successive digits. 
Her headset is connected and dis- 
connected automatically by the cir- 
cuit equipment; hence she has no al- 
lotting keys, and hence likewise she 
exercises no supervision over the call. 
At her position are two switchboard 
lamps, showing progress of the call, 
and three additional keys. One key, 
if pressed before the last digit has 
been recorded, stops the call and re- 
sets the recording equipment so that 
she can rectify an error if it is noticed 
in time; another, for use when her 
position is not disconnected automat- 
ically at the completion of the puls- 
ing, releases it and makes it available 
for the next call; the remaining 
key is used to summon the super- 
visor when she is wanted. Removal 


of the operator's plug directs calls 
to the occupied positions. 

The complete cordless equipment 
aside from the operator's position 1s 
made up of six principal parts, shown 
on the accompanying chart, whose 
functions are indicated by their names. 


Two operators! positions. At the left ts a section in which 
the cable comes up from the floor 


One branch of each incoming trunk, 
through which conversation takes 
place, is permanently attached to a 
first selector; the other branch runs 
to the cordless “В” equipment, where- 
by movements of the step-by-step 
switches are governed. ‘These con- 
trolling branches terminate on trunk- 
finder switches by which the necessary 
switch-controlling mechanism is con- 
nected during completion of each call, 
and then freed for use on other 
trunks; the trunk finders are standard 
step-by-step type switches, but with 
six hundred terminals and a vertical 
commutator. А circuit of six con- 
ductors is required ; hence the terminal 
capacity of each trunk finder is one 
hundred trunks, and for each hun- 
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dred incoming trunks a group of 
finder switches is provided, depending 
in size on busy-hour trafhc. There are 
ten levels to the trunk-finder bank, 
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Lower section of sender frame, showing 
the motor and the interrupter with cover 
removed 


with ten trunks on each. To mini- 
mize hunting time and to prevent dis- 
crimination between subscribers the 
trunks are terminated on different 
levels of the several finder switches, 
allowing each trunk to appear on the 
first level at least once; the circuit 
which starts the switches will choose 
that one on which the incoming call 
appears at the first level, if it is not 
busy. 

Fach trunk finder is a permanent 
part of a link circuit, the heart of the 
system. The other two parts of each 
link are two 200-type selectors; on 
one of these are terminated lines to 
the operator's positions and on the 
other lines to the senders. Govern- 
ing both, and governing the trunk fin- 
der as well, are control circuits to start 
these hunting switches at the proper 
moment. This link circuit ties the in- 
coming trunk, through the trunk 
finder, to the completing operator 
and the sender, and thereby allows 
the call to advance from an order 
passed by the “А” operator to a set- 
ting of relays in the sender, which in 
turn controls the mechanical comple- 
tion of the call. 

The sender, an innovation in step- 
by-step practice, increases the oper- 
ator’s load to her working capacity, 
freeing her from limitation by the 
speed of the completing selectors and 
connector. Its function, like that of 
the senders in panel equipment, is to 
receive and record the number set ир, 
and to send out a series of pulses guid- 
ing the operation of the step-by-step 
completing switches as each in turn 
is called upon to function. The sender 
is suited alike for four- and five-digit 
numbers; it contains five groups of 
register relays, of which each group 
records one digit. Pulses are sent out 
by two sets of interrupter contacts 
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controlled by these register relays, to 
communicate the recorded number to 
the selector and connector switches. 
Of these contacts, one set functions 
the same as the pulsing contacts of a 
dial, and the other controls counting 
mechanism to terminate each group 
of pulses when the proper number 
have been sent. Connection of the 
sender to the link circuit through a 
searching switch, rather than by a 
permanent contact, provides equip- 
ment economy to a marked degree. 
The McKeesport installation requires 
eighteen link circuits, but on account 
of reduced sender holding time se- 
cured by the use of sender selectors 
and the higher efficiency of group 
operation, it requires no more than 
ten senders. 

Possibly the best explanation of the 
system would be to trace a call from 
a distant subscribers’ or “A” board to 
completion. The “А” operator, re- 
ceiving a call for a machine-switching 
office, chooses an idle trunk as in 
straightforward practice and plugs 
into the jack. Immediately at the 
completing end the trunk finder 
of one of the link circuits starts 
hunting for the trunk on which the 
call is waiting; almost simultaneously 
the position selector of the link begins 
searching for an idle operator’s posi- 
tion, which it finds at about the time 
the trunk is located. Thereupon both 
“А” and “В” operators receive the 
order tone; the “В” operator is fur- 
ther notified that a call is coming by 
the lighting of her two switchboard 
lamps. Ав soon as the “В” oper- 
ator’s position has been connected, 
the link’s controlling equipment dis- 
connects from the position selector 
and guides the sender selector in 
choosing an idle sender. About the 
time the order has been passed and 


acknowledged, the idle sender has 
been found, whereupon one lamp is 
extinguished to indicate that every- 
thing is in readiness to record the 
number and to pass it on to the step- 
by-step equipment. The cordless “В” 
operator then registers the digits on 
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her numerical keys, pressing them 
successivelv and thereby recording on 
consecutive register relays of the 
sender the code to secure completion 
of the call; her position then is dis- 
connected automatically. The first 
group of register relays controls 
pulses sent to the first selector and the 
second group those sent to the second 
selector, and so forth, until the 
brushes of the connector are stop- 
ped at the terminals of the called 
station. Then, the connection com- 
pleted except for lifting of the re- 
ceiver by the called subscriber, the 
work of the link circuit and its asso- 
ciated equipment is done. At once the 
trunk finder and sender selector re- 
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lease their contacts, freeing for other 
calls the circuit-controlling equip- 
ment. But the connection to the 
called station from the incoming 
trunk through its permanently joined 
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sending and to disconnect within a 
few seconds after the operator's posi- 
tion has been released, and by other 
operating and equipment difficulties. 
Attention of maintenance men is 
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Schematic diagram of the cordless “B” switchboard 


first selector remains, ready for con- 
versation. 

On account of the large number of 
operations taking place in a few sec- 
onds — action of approximately two 
hundred relays and in addition a few 
manual and several switch operations 
— reliable means for prompt detec- 
tion of trouble is most important. 
There are therefore audible alarms 
for trouble of various sorts — alarms 
operated by a melted fuse, by failure 
of the trunk finder to function within 
a predetermined maximum time, bv 
an excessive link-holding time, by 
failure of the sender to finish its pulse- 


thereby called immediately to points 
needing attention, and service delay 
is prevented. 

Although it includes previously 
known elements, the step-by-step cord- 
less “В” board marks a distinct ad- 
vance in conversion of calls from man- 
ual offices, particularly in certain com- 
munities adjoining large cities. Con- 
version of calls to panel and step-by- 
step dial offices is placed on a closely 
comparable basis. Most important, 
wherever suited to the operating 
needs of a community the board pro- 
vides greater over-all economy of fa- 
cilities than was formerly attainable. 
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New Devices in Television 


EMBERS of the American 
M Physical Society and the 
American Optical Society 
meeting in our auditorium on Sat- 
urday, February 25, witnessed a dem- 
onstration of television during which 
were shown important new develop- 
ments which remove some of the 
many conspicuous obstacles now 
separating the television art from 
any important commercial appli- 
cations. 

Heretofore syncronization be- 
tween the sending and receiving ap- 
paratus has been accomplished by a 
signal transmitted from one device 
to the other. Electric oscillators con- 
trolled by vibrating quartz crystals 
have now been developed which per- 
mit two stations to be held in syn- 
chronization without being connected 
to a common control, and which also 
permit of making the preliminary ad- 
justment known as framing in an ex- 
tremely simple way. These crystal 
control oscillators are the develop- 
ment of J. W. Horton and W. A. 
Marrison and are capable of holding 
to a constant frequency within one 
part in ten million. 

Such oscillators were originally de- 
veloped for other purposes in the 
communication art, as for instance 
the precision measurement of fre- 
quency. They have just been applied 
to television for the first time and 
provide simple and effective synchron- 


ization. When controlled by these 
crystals, the driving motor of the 
receiver would require one week to 
get out ot step with the motor at the 
sender by as much as one revolution. 
In an hour the television image will, 
at most, wander only one-third of the 
distance across the field of view. The 
maintenance of a television image “іп 
frame" therefore requires only occa- 
sional attention from those viewing 
it. 

The new system also simplifies the 
original centering of the image with- 
in the viewing aperture. By the 
operation of two push buttons, the 
image can be caused to travel slowly 
across the field of view in either di- 
rection, and when it arrives at the 
desired position within the frame, re- 
lease of the buttons automatically 
locks it in place. 

The system not only involves crys- 
tal-controlled oscillators, but fre- 
quency-reducing circuits, recently de- 
veloped by Mr. Marrison, which will 
generate from any vacuum tube os- 
cillator a current whose frequency is 
a simple fraction of it such as a 
quarter, a fifth or a sixth. There is 
as well a device for introducing into 
the synchronous motor an additional 
positive or negative cycle at a very 
slow rate, to change the speed of the 
motor gradually and thus to effect 
the desired framing operation under 
perfect control of the operator. 


{215} 


Radio Installations in South America 


Bv D. H. NEWMAN 
Apparatus Development Department 


ITH perhaps a greater ap- 
preciation of music and the 
fine arts than we have, our 


Latin American neighbors have not 
yet contracted that avid zeal for ad- 
vertising and publicity which is the 
real incentive to the great multiplica- 
tion of broadcasting stations existing 
in this country. Basking in the radia- 
tions from the six hundred and fifty 
and more stations of the United 
States, we sometimes fail to realize 
that on the entire continent to the 
south of us there are probably less 
than two score broadcasting stations. 
This is typical of the many differences 
that exist between the North and 
South American continents. Climati- 
cally they are radically different. Ex- 
cepting the southern part of Mexico, 
no part of North America is in the 
tropics while South America is about 
two-thirds tropical. The peoples and 
customs of the southern continent 
also are distinctly different from those 
of the United States апа Canada. 
Industrialism and high-powered sales- 
manship while beginning to invade 
the southern republics are still far 
from vitally affecting the lives of the 
buik of the population. 

These differences have been 
brought closer to the Laboratories 
within the last two years because of 
the installation of standard Western 
Electric broadcasting stations in five 
cities of the republics to the south 
of us. The work was supervised by 
members of the Laboratories’ techni- 


cal staff acting for the International 
Standard Electric Corporation. The 
first to be installed was in Caracas. 
the capital of Venezuela. “This sub- 
tropical republic at the northern end 
of South America includes the rich 
Orinoco Valley and while largely 
mountainous contains much valuable 
grazing land. As is the case all over 
Latin America there is a big contrast 
in Venezuela between life in the cities 
and that in the country districts. This 
is well illustrated by the two accom- 
panying photographs, one showing a 
quiet street in the capital and the 
other a thatched hut in the interior. 
In the cities, although the architec- 
ture is different from ours and life 
is less complex and moves more slow- 
ly, the modern spirit is evident, but 
in the smaller towns and agricultural 
areas life is more or less uncon- 
taminated by twentieth century inven- 
tions, and the implements of industry 
are still primitive. | 

Until recently no radio apparatus 
has been allowed to enter Venezuela 
but a short time ago the government 
granted a monopoly to the Empresa 
Venezolana Radio Telefonica. This 
Company is now importing receiving 
sets and has installed a one-kilowatt 
broadcasting station to transmit pro- 
grams of local and national interest 
which, it is hoped, will develop a de- 
mand for their sets. Тһе station is 
housed in a three-room building be- 
side the principal bull.ring. The 
studios, about a block away in a 


{216} 


.. —— а m а 


private dwelling, are 
connected to the sta- 
tion by suitable cable 
circuits. One of the 
features to be broad- 
cast is music by the 
Presidential Band, 
which plays in the 
Plaza Bolivar in the 
center of the city. 

Following the in- 
stallation at Caracas 
another was made in 
the republic of Haiti 
in the West Indies. In 
this country a traveler 
from the north sees 
much of a primitive 
character to marvel 
at. Тһе photographs 
of the horse-driven su- 
gar mill, built with 
Biblical simplicity in 
its setting of tropical 
shrubbery, and of the 
hand-power lathes, 
with their large driv- 
ing-wheels lined up 
along a modern con- 
crete road for con- 
trast, show to what 
a great extent modern 
progress has passed 
Haiti by. The natives 
of African descent still cling to many 
of their Voodoo practices. Evidence 
of this is the rectangular niches in the 
sides of the tombs shown in the ac- 
companying photograph. Into these 
recesses is placed food for the de- 
parted spirit as a form of propitia- 
tory offering. Curiously enough it is 
the custom to mix poison or pow- 
dered glass with the food so that if 
the ghost should partake of it, a 
second death would send it back to 
the tomb for the time at least. 


Map of South 


BRAZIL 


America and the West Indies showing the 
location of the recent installations of Western Electric sets 


The station is located in Port-au- 
Prince, capital of the country, and is 
owned by the Government. It is 
operated by the Department of Pub- 
lic Works which purposes to broad- 
cast lectures on hygiene, sanitation, 
and methods of planting, cultivating, 
and harvesting the national agricul- 
tural products which are very largely 
coffee and sugar. In the principal 
towns and villages radio receivers 
operating into public-address systems 
are set up in the markets where the 
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4 quiet. street іп the Venezuelan 
city of Caracas 


citizens congregate. In this way the 
government hopes to reach the 
greater part of the people who, be- 
cause very few of them can read or 
write, could not well be reached in 
any other manner. Radio will thus 
serve Haiti as a very effective educat- 
ing force. 

While the author was installing 
these stations in Caracas and Port- 
au-Prince, a similar set was being in- 
stalled, also under direction from the 
Laboratories, in Sao Paulo, the center 
of the coffee trade of Brazil and capi- 
tal of the State of Sao Paulo. The 


Brazilian St. Paul is the richest city 
in the country and one of the most 
modern and progressive of all South 
America. The station is privately 
owned, being operated by a large 
group of amateurs known as the So- 
ciedade Radio Educatora Paulista. 
Brazil, the largest country in South 
America and almost equalling in size 
the United States and Alaska com- 
bined, is unique among all the South 
and Central American Republics in 
having Portuguese instead of Spanish 
as the national language. Two years 
after Columbus’ first voyage a treaty 
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Top, a Haitian cemetery; below, radio 
station at. Caracas 


was signed by Spain and Portugal 
which established an imaginary line 
running north and south about eigh- 
teen degrees west of the Cape Verde 
Islands. АП new land discovered 
west of this line was to belong to 
Spain and all east to Portugal. While 
there were some minor infractions of 
the treaty, nevertheless it has been 
for the most part observed. Under it 
Brazil was the only South American 
land falling to the lot of Portugal. 


On the way south the tropics are 
left at Sao Paulo, for through the 
northern part of this city runs the 
Tropic of Capricorn. Uruguay, just 
south of Brazil, is wholly in the South 
Temperate Zone. It is semi-tropical, 
however, and like Los Angeles and 
southern California or Florida has 
palm trees, rainy seasons, and other 
evidences of equatorial climate. 
Montevideo, its capital city, stands 
on the north side of La Plata, the 
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great estuary of the Parana and 
Uruguay Rivers, which separates it 
from the Argentine Republic. The 
new station, which is government- 
owned, is located in this city on prop- 
erty belonging to the Escuela Militar, 
the West Point of Uruguay. The 
programs will be largely educational, 
probably including lectures from the 
national university. Although there 
are many who take pride in their pure 
Spanish ancestry the larger portion 
of the people of Uruguay, as of most 
of the South American republics, are 
a mixture of Spanish or Portuguese 
with the native Indians and former 
negro slaves. For the most part the 
working classes take life easily and 
make the most of what they have, as 
тау be seen from the acompanying 
photograph where a shovel, used 
during the forenoon for digging the 
foundation of the new broadcasting 
station, is being utilized during the 
breakfast hour for frying beef steak. 
No faintest echo of the modern cry 
for cleanliness has yet reached their 
ears and should it finally do so would 
perhaps have little attention paid to 
it. Тһе gasolene can beside them 
probably contains water for making 


mate, the native substitute for tea 
so commonly used in Uruguay, Brazil, 
and other parts of South America. 

The last of the series of five south- 
ern stations is at Buenos Aires, capi- 
tal of the Argentine Republic. This 
is the largest station of the group, 
being rated at five kilowatts. It is 
owned and operated by the muni- 
cipality and will broadcast music 
from the famous Colon Opera House 
during the season. Out of the opera 
season various concerts will be broad- 
cast and possibly also the proceedings 
of the City Council. The station is 
located on low lands which are often 
flooded by the waters of La Plata 
and due to this, construction work 
was considerably hampered. For each 
tower it was necessary to build a con- 
crete platform nine hundred square 
feet in area. 

Buenos Aires, or B. А. as it is 
popularly called, is probably the most 
modern and is the largest city in the 
entire continent. It is one of the few 
in South America that have had 
broadcasting stations for some time, 
so it is gratifying to know that its 
newest and largest is a "Western 
Electric.” 
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Water Cooling for Radio 


By J. O. GARGAN 
Apparatus Development Department 


O dispose of the heat gen- 
| erated in vacuum tubes of a 
high-power broadcasting sta- 


tion is a problem none the less real 
for all that it is seldom appreciated 
by radio listeners. Heat is continu- 
ously generated not only by filaments 
consuming as much as twelve hundred 
watts each but by the bombardment 
of the plates by electrons moving at 
high velocity. 

In smaller tubes the heat is radi- 
ated from the plate and taken from 
the glass enclosure by the surround- 
ing air fast enough to keep the 
temperature down to a suitable value. 
As filament and plate currents and 
plate voltages are increased, however, 
heat is produced at such a rate that 
air cooling is no longer adequate. The 
limitation thus imposed on the power 
capacity of tubes was removed by the 
development and introduction of 
water-cooled tubes, and this in turn 
made the high-power radio transmit- 
ter commercially feasible. 

The water-cooled tube differs from 
the more familiar air-cooled tube in 
the construction and location of the 
plate or anode element. Thisis of cop- 
per, cylindrical in form and closed 
at one end; at the other end it is 
welded to the glass wall of which it 
forms an extension so that the tube 
shell or envelope consists partly of 
the anode itself. Within it аге sus- 
pended the grid and the filament, 
for which leads are brought in 


through the glass-enclosed end of the. 
tube. In use, the tubular anode is in- 
serted and clamped in a suitable 
metal water jacket through which the 
cooling water circulates in direct con- 
tact with the anode. Through its wa- 
ter jacket the anode is also connected 
electrically to the plate circuit. 

Much of the fundamental design 
work in connection with water cool- 
ing was put into commercial applica- 
tion several years ago when the first 
Western Electric five-kilowatt sets 
were installed. The cooling system 
employed in the fifty-kilowatt set at 
Whippany is the result of further 
study based on electric, hydraulic, and 
thermal considerations. 

In this transmitter a total of twen- 
ty-five tubes are employed, of which 
fourteen are water-cooled. Six of the 
latter are rectifiers for providing 
plate current to the other eight which 
are used for the last stages of ampli- 
fication. The total heat generated in 
fourteen tubes due to filament heat- 
ing and electronic impact is equivalent 
to 185 kilowatts or about 250 horse- 
power. This amount of heat must 
be transferred to the cooling water 
from anode surfaces which total only 
four square feet for the fourteen 
tubes. In a steam boiler the heating 
surface transferring an equivalent 
amount of heat would generally be 
over two hundred square feet. In the 
tubes at Whippany, which have the 
same anode surfaces as do the tubes 
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of the five-kilowatt transmitter, 
four times as much energy must be 
transferred. To meet this condition 
satisfactorily has required the design 
and adoption of a new type of water 
Jacket in which a thin cylindrical sheet 
of water passes over the anode sur- 
face at very high velocity. Thus a 
larger part of the heat is transferred 
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LAST STAGE POWER 
AMPLIFIER 


as well. To maintain the necessary 
rate of flow without requiring exces- 
sive power for pumping and without 
endangering the comparatively thin 
copper anode by crushing from exces- 
sive water pressure, it is necessary to 
compromise and to use hose of 
length and diameter moderately 
satisfactory from both the electrical 
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17000 VOLT RECTIFIER BATTERY OF RADIATORS 


Schematic diagram of the cooling system 


to the water by direct contact with 
the surface of the anode and much 
less of the transfer is dependent on 
convection within the jacket. 
Anodes and water jackets of the 
amplifier tubes are maintained at a 
potential of 17,000 volts above 
ground. To restrict leakage of cur- 
rent from the jackets to the grounded 
pipes of the system, connection is 
made through lengths of coiled hose 
so that there are interposed columns 
of water long enough to make the 
electrical resistance to ground a mat- 
ter of hundreds of thousands of 
ohms. Unfortunately, conditions 
making for high electrical resistance 
make for large hydraulic resistance 


and hydraulic standpoints rather 
than ideal from either consideration. 
In the second power amplifier, which 
employs two tubes, a total of seventy 
feet of 34” hose is used and in the 
six-tube power stage, there are one 
hundred and thirty feet of 1” hose. 
The effective resistance of the two 
parallel paths of distilled water in 
the small amplifier unit is approxi- 
mately 2,000,000 ohms and in the 
larger amplifier where there are four 
parallel paths for leakage, the resis- 
tance is about 300,000 ohms. The 
direct current losses through these 
are about 150 watts and 1000 watts 
respectively. 

The water jackets and anodes of 
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the rectifier tubes are at ground po- 
tential so that water connections to 
the supply pipe can be made directly. 

To avoid formations like boiler 
scale on the anode surface, and also 
to obtain high electrical resistance, 
distilled water is used for cooling. 
Obviously, for economic reasons the 
same water must be used indefinitely. 
It is therefore cooled in three large 
tubular radiators through which each 
minute 25,000 cubic feet of air are 
forced by motor-driven fans. The 
water-circulating pump and the fans 
are stopped and started automatically 
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Frame of one of the panels, containing 
water jackets for two tubes 


with the transmitter from the power 
panel. In its passage the air is heated 
about 25° F. At a station operating 
regularly, the air could be distributed 
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Venturi tubes at the ends of two hose coils 


through ducts to various parts of the 
building and used for heating, but at 
Whippany irregular operation makes 
this plan impracticable. The heated 
air is therefore blown out of the 
building through louvers. 

Because the amount of dissipated 
energy differs in each of the various 
groups of vacuum tubes, for the same 
temperature rise each group must re- 
ceive only its proportional amount of 
water flow. The hydraulic resistance 
of each of the paths through which 
the water can flow from the pump to 
the radiator is therefore designed to 
give the flow wanted, just as the im- 
pedance in an electrical network can 
be designed to govern the current 
through it. In the present system the 
rate of flow is about one hundred gal- 
lons per minute. 
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In case of interruption or reduction 
of the flow the tubes must be instantly 
and reliably protected at each anode 
from the dangerous heating effects of 
the large amount of energy liberated. 
Such protection requires automatic 


cooling system. Three dials on one 
of the panels are the only measuring 
devices to be seen. Two are ther- 
mometers indicating respectively the 
temperatures of the water as it enters 
and leaves the jackets. From readings 


The radiators and pump 


disconnection of the power supply. 
Each branch of the hydraulic net- 
work therefore contains a Venturi 
tube whose inlet and throat orifices are 
connected to a device containing two 
opposed metallic bellows. These are 
operated by the difference in pressure 
established between the two orifices 
by the flowing water and when the 
flow is normal close an electrical con- 
tactor to the power service. Ifthe flow 
is interrupted or if it falls to seventy 
per cent of normal in any branch, the 
bellows at once open the contactor 
and disconnect the power.* 

To a visitor in the transmitter 
room at Whippany, there is little to 
indicate that there is such an extensive 


*The bellows and the protective relay 
achich they operate were described by the writer 
in the “Record” for February, 1926. 


of these and of small pressure gauges 
attached to the inlets and throats of 
the Venturi tubes, the rate at which 
energy is being dissipated at any time 
can be computed. Оп these ther- 
mometers are electric contacts which 
give an alarm if the water heats to 
an undesirable point; then, if the rise 
in temperature continues, shut the 
set down completely. The third dial 
on the panel is a pressure gauge to 
indicate whether the pump is operat- 
ing properly. The water jackets can 
be seen through the panel windows, 
but to the casual observer they ap- 
pear to be parts of the tubes them- 
selves. The hose coils and their ac- 
cessories are at the back of the panels 
and the expansion tank with valves 
and fittings is in a corner of the room. 
The pump and radiators are at a dis- 
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tance in another wing of the building. 

After distilled water is used for a 
considerable period of time, it may 
absorb enough impurities from the 
metallic surfaces it touches to lower 
its resistance considerably. For that 
reason a milliammeter is provided in 
one of the panels which indicates to 
the operator, whenever the equip- 
ment is in operation, the magnitude 
of the current leaking through one 


of the hose coils and thereby warns 
him when it is advisable to change the 
water. Special precautions have been 
taken in the plumbing to avoid en- 
trapping air when filling the system 
since air bubbles clinging to the anode 
surfaces hinder satisfactory cooling. 
In addition, valves have been pro- 
vided for removing occluded air 
which has been liberated from the 
water during heating. 


FORMS OF LIFE INSURANCE 
1. Ordinary Life 


The person who carries an ordinary or “straight life” 
policy pays for it during his entire life, and at his death the 
policy becomes payable to the beneficiary. However, the in- 
surance company credits the policy-holder annually with a 
share їп its profits, and 1] these dividends are left with the 
company, 1n about twenty-one years the policy becomes fully 
paid. Dividends continue to be paid but there are no further 
premiums. After the first year the policy has a value which the 
company will pay in cash if the policy is canceled, or it will 
lend this sum at interest, the policy remaining in force. The 
cash value increases from year to year. 

Life insurance takes so many forms adapting itself to 
many individual needs that its consideration becomes a matter 
where expert advice 1s necessary and desirable. The Labora- 
tories have, therefore, arranged to have a specialist in life in- 
surance, Mr. L. H. Bunting, stationed at West Street who may 
be freely consulted by any employee. Mr. Bunting is to be 
found in Room 144 and may be reached on Telephone 264. 


Report on Employees! Benefit Fund 


BELL TELEPHONE LABORATORIES, INCORPORATED 


January г — December 31, 1927 


of the Bell System, the Labora- 

tories has maintained a Plan for 
Employees’ Pensions, Disability Bene- 
fits and Death Benefits. By action 
of the Board of Directors, a change 
effective as of January r, 1927, has 
been made in the method of provid- 
ing funds for the payment of service 
pensions to employees retired from 
active service under the terms of the 
Plan. This change does not, in any 
way, affect the amount of the pen- 
sions or other benefits payable under 
the Plan, but is of real importance as 
a progressive and forward looking 
development of the pension system, 
to meet adequately the future de- 
mands upon it. 

Although the number of retired 
employees of the Laboratories is still 
small, the increase in this group 
which lies ahead has been foreseen 
and a method has been developed for 
making financial provision for the in- 
creasing pension payments which will 
accompany this growth, so as to place 
added security behind the terms of 
the Employees’ Benefit Plan relating 
to service pensions. Under the ar- 
rangements which have. now been 
made, a Pension Fund, segregated 
from the assets of the Laboratories, 
will be built up by systematic charges 
to operating expenses which will be 
made each year. These charges will 
be so computed that when employees 


Е common with other companies 


become eligible to retire on pension 
at their own requests [that is, under 
paragraph 1 (a) of Section 5 of the 
Plan] there will be available in the 
Pension Fund a sum which, with the 
interest it will earn, will be sufficient 
to provide a life pension of the 
amount stated in the Plan. 

The Pension Fund will be held by 
a trustee solely to meet service pen- 
sion obligations of the Laboratories 
for employees who are retired. Pen- 
sions which became effective prior to 
January 1, 1927, will be charged to 
the Employees’ Benefit Fund Reserve 
and the amount of the Reserve will 
be reduced as such charges are made. 
Service pensions which became ef- 
fective on or after January t, 1927, 
will be charged to the newly estab- 
lished Pension Fund. Checks for 
pension payments will continue to 
come direct from the Laboratories, 
as heretofore. 

The arrangements which have been 
made, as described above, are an 
added surety for the integrity of the 
pension plan. 

By reason of the foregoing it is no 
longer necessary to increase the Bene- 
ft Fund by monthly accruals of 1% 
of the payroll. Accordingly, pursu- 
ant to further action by the Board 
of Directors, the sixth paragraph of 
Section 11 of the Plan for Employees’ 
Pensions, Disability Benefits and 
Death Benefits was amended, effective 
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January 1, 1927, omitting the provi- 
sion for setting aside in the Benefit 
Fund at the end of each month 1% 
of the payroll, and providing for the 
reimbursement of the Fund at the 
end of the fiscal year with such 
amount as will restore the Fund to its 
amount at the beginning of the year 
less service pension payments made 
during the year in respect to service 


Balance in Fund as of January 1, 1927 


pensions to employees who retired 
prior to January 1, 1927. 

In accordance with the foregoing 
and as prescribed in paragraph 4 of 
Section 3 of the Plan for Employees' 
Pensions, Disability Benefits and 
Death Benefits, following is the 
record of receipts and disbursements 
for the year affecting the Beneft 
Fund: 


$186,688.11 
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Additions to Fund during Calendar Year 1927: 


Interest dtd 6o els ee оон инам 5,794.88 
Amount Added to restore Fund to its amount as of Jan- 
uary I, 1927, less Service Pensions to employees 
who retired prior to January 1, 1927.......... 79,576.09 
Tonal Credits on ta hes d ers REEF icnE E $272,059.08 
Disbursements from Fund during Calendar Year 1927: 
Service Pensions to employees who retired prior to 
January i; 14929" «хукук» e tae ACRAS $ 1,274.88 
Disability Pensions’ созы ммлала е рор ERG 1,668.41 
Accident: 
Disability Benefits ......................... 5,567.60 
Disability Expenses ........................ 519.05 
Death Benehts$ aou oo ЕЕ ENSE ERES 9,551.50 
Sickness Disability Benefits ...................... 68,064.41 
Total Disbursements .................... $ 86,645.85 
Balance in Fund December 31, 1927 ................... $185,413.23 


J. E. MORAVEC, 


General Auditor. 


The above statement of Receipts and 
Disbursements audited and found correct. 


WILLIAM R. REID, 


Traveling Auditor for American 
Telephone and Telegraph Company. 
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News 


At the Midwinter Convention of 
the American Institute of Electrical 
Engineers, technical and scientific ad- 
vances of the Bell System were recog- 
nized by presentation of the John 
Fritz Medal to John J. Carty, Vice- 
President of the American Telephone 
and Telegraph Company and Chair- 
man of the Board of Bell Telephone 
Laboratories. The award was made 
"for pioneer achievement in tele- 
phone engineering and in the develop- 
ment of scientific research in the tele- 
phone art." 

By use of the transatlantic tele- 
phone circuit, a joint meeting of the 
Institute was held with the Institu- 
tion of Electrical Engineers in Lon- 
don. After papers by O. B. Black- 
well and К. W. Waterson had de- 
scribed technical and traffic features, 
the circuit was set up so that each 
audience could hear speeches and ap- 
plause in the other's auditorium. Н. 
P. Charlesworth greeted Col. A. G. 
Lee, an engineer of the British Post 
Offce, and introduced Bancroft 
Gherardi, President of the American 
Institute. Mr. Gherardi, after greet- 
ing Archibald Page, President of the 
* British body, asked him to preside 
over both meetings. Mr. Page in 
turn called upon Dr. Jewett and Col. 
T. E. Purves, Engineer-in-Chief of 
the British Post Office. General 
Carty, in New York offered a resolu- 
tion, which was seconded by Sir 
Oliver Lodge in London. 

Called on for an address, Sir 


Oliver said: 


Notes 


“АП those who in any degree have con- 
tributed to this result from Maxwell and 
Hertz downward, including all past mem- 
bers of the old British Society of Telegraph 
Engineers, will rejoice at this further de- 
velopment of the power of long-distance 
communication. ‘Many causes have con- 
tributed to make it possible; that speech is 
transmissible at all is due to the invention 
of the telephone. ‘That speech can be trans- 
mitted by ether waves is due to the inven- 
tion of the valve and the harnessing of elec- 
trons for that purpose. That ether waves 
are constrained by the atmosphere to follow 
the curvature of the earth’s surface is an 
unexpected bonus on the part of Providence, 
such as is sometimes vouchsafed in further- 
ance of human effort. 

The actual achievement of today at 
which we rejoice and which posterity will 
utilize, must be credited to the enthusiastic 
cooperation owing to the scientific and en- 
gineering skill of many workers in the back- 
ground whose names are not familiar to 
the public as well as to those who are well 
known. 

The union and permanent friendliness of 
all branches of the English speaking race, 
now let us hope more firmly established 
than ever, is an asset of incalculable value 
to the whole of humanity. Let no words of 
hostility be ever spoken.” | 


The joint meeting then adjourned. 

In the afternoon, about 350 mem- 
bers and guests of the Institute 
visited our Auditorium as one of the 
inspection trips incident to the Con- 
vention. Here Donald MacKenzie 
described the various forms of talk- 
ing motion-pictures, and H. E. Ives 
described and demonstrated the tele- 
vision system. The speakers were 
presented by John Mills following an 
introductory talk in which his voice 
was reproduced from a film record. 
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Two methods of sound recording 
were shown: one, now employed in 
the Movietone, uses a photographic 
film and a neon lamp glowing in syn- 
chronism with the sound. The other, 
that employed in Vitaphone, is a de- 
velopment of our Laboratories in 
which the sound is recorded on a 
wax disc. 

At one of the technical sessions of 
the Convention a paper, 'Manufac- 
ture and Magnetic Properties of 
Compressed Powdered Permalloy" 
was presented by W. J. Shackelton of 
the Laboratories and I. G. Barber 
of the Western Electric Company. 

* * * 


Mn. JEwETT spoke at a luncheon 
of the New York Building Congress 
held on February :5 at the Hotel 
Commodore оп “The Value of Re- 
search in Industry." 


* * * 


Mr. CRAFT has returned from a 
tour of the Pacific Coast during 
which he addressed twenty-nine 
representative gatherings. Among 
them were dinners given in his honor 
by local telephone officials, sections 
of the A. I. E. E., and electrical en- 
gineering departments of Oregon 
State College, the Universities of 
Washington and of California, Stan- 
ford University, and California In- 
stitute of Technology. At Stanford 
Mr. Craft was the guest of Harris 
J. Ryan and visited his high-tension 
laboratory. President R. A. Millikan 
was his host at California Tech. Mr. 
Craft's war-time interest in naval 
communications was recalled in con- 
versations with the officers in charge 
of the San Diego Naval Base. 
Executives of the Pacific Telephone 
and Telegraph Company planned the 
details of the trip. 


ON THE EVENING of February 14, 
125 members of the New York Sec- 
tion of the American Society for Steel 
Treating visited the Laboratories and 
were greeted by F. F. Lucas and R. 
W. King. After a short talk by Mr. 
King on the work of the Labora- 
tories, the guests were given a dem- 
onstration of Vitaphone and Movie- 
tone in the Auditorium, under the 
supervision of L. W. Davee, R. E. 
Kuebler, T. J. Engel and H. Jones, 
and then were taken to the Micro- 
scopic Laboratory where Mr. Lucas, 
H. A. Anderson, Anna K. Marshall 
and R. M. Sample demonstrated the 
equipment. 

* * * 

Ar THE COLLOQUIUM MEETING 
February 6, A. W. Horton, Jr. spoke 
on Measurement of the Velocity of 
Light, and D. MacKenzie on Sig- 
nificance of Professor Miller's Ether 
Drift Measurements. J. M. Eglin 
spoke February 20, on The Physical 
Theory of Diffusion. 

ж ж ж 

DURING A MONTII's VISIT to the 
Pacific Coast, J. C. Hunsaker made 
a number of contacts with air trans- 
port companies, and discussed the re- 
quirements for communication which 
would grow out of their plans for 
expansion. 

GENERAL STAFF 

S. P. GRACE addressed the Minne- 
sota Telephone Association on recent 
developments of the Laboratories 
and demonstrated speech inversion, 
at a meeting in Minneapolis on Janu- 
ary 25. On January 27 he spoke be- 
fore the Business Men's Association 
and the Rotary Club of the same city. 
Mr. Grace lectured on the same sub- 
ject before the Wisconsin State Tele- 
phone Association in Milwaukee on 
February 8, and at the University of 
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Wisconsin on February 10. Оп Feb- 

ruary 24 he spoke before the City 

Club Forum of Washington, D. C. 
APPARATUS DEVELOPMENT 

К. О. Тновр Амр J. D. SaARROS 
returned to New York, having spent 
the past three months assisting in the 
installation of power line carrier tele- 
phone apparatus for the Pacific Gas 
and Electric Company between Oak- 
land and Pitt River. R. D. Gibson 
and C. N. Nebel remain on the Paci- 
fic Coast, to continue installation. 

W. FONDILLER spent the week of 
January 29 at Hawthorne in discus- 
sions of various new developments, 
particularly loading coils, magnetic 
materials and enamelled wire. Оп 
the trip he was the official host of 
Professor Michael Pupin, who went 
to Chicago to make several addresses 
and to receive the Washington award 
of the Western Society of Engineers. 
At Hawthorne Professor Pupin was 
received by C. L. Rice, Works Man- 
ager, and J. R. Shea, Superintendent 
of Development, and was shown note- 
worthy developments of recent years. 

F. J. GIVEN spent the week of 
January 23 at Hawthorne in connec- 
tion with a new design of coil for use 
in filters of Type C carrier telephone 
systems, and improvements as to 
crosstalk of new permalloy dust core 
loading coils. 

Н. B. ARNOLD recently made a 
study of the Union Gas and Electric 
Company's power line carrier tele- 
phone system in Cincinnati, Ohio. 

Н. M. STOLLER visited the Fort 
Wayne plant of the General Electric 
Company for the purpose of testing 
and approving two new types of mo- 
tors to be used in production of talk- 
ing moving pictures. 

L. B. COOKE spent several days in 


Keysport, Tennessee, assisting the 
American Gas and Electric Companv 
in the installation of a new power line 
carrier telephone terminal. 

W. A. EVANS inspected transfer 
switches of pulse machines at the 
Baring Exchange of the Bell Tele- 
phone Company of Pennsylvania. 

Р. NEILL was in Hawthorne the 
week beginning January 29 for meet- 
ings of the Inspection Survey Com- 
mittee in connection with the inspec- 
tion of plugs and jacks. 

Н. S. PRICE supervised the instal- 
lation of a new oscillator unit in the 
five-kilowatt broadcasting transmitter 
belonging to the U. S. Playing Card 
Company at Mason, Ohio. 

W. L. TIERNEY supervised the in- 
stallation of a five-kilowatt broadcast- 
ing transmitter for the Moody Bible 
Institute of Chicago. This is the sec- 
ond Western Electric Installation for 
this organization. Due to the ex- 
cellent cooperation by the contractor 
and the customer, the new station was 
put in operation on the eighth day 
after Mr. Tierney’s arrival—a new 
record for a job of this sort. 

О. Е. FORSBERG visited in January 
the factory of the Northern Electric 
Company, Montreal, Canada, at the 
invitation of Mr. Adams, Chief En- 
gineer. While in Montreal, he at- 
tended a conference of officials of the 
Bell Telephone Company of Canada 
and the Northern Electric Company 
for a discussion of dials. 

W. C. Erus, W. FoNpiLLER, С. 
Н. GREENALL, J. E. Harris, W. S. 
Hayrorp, С. Н. MaruEewsow, E. Е. 
SCHUMACHER, J. R. TOWNSEND AND 
H. N. VANDEUSEN represented the 
Laboratories at a conference of the 
joint Bell System — American Brass 
Company committee which is work- 
ing out specifications for non-ferrous 
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sheet materials, such as bronze, nickel 
silver and brass. The meetings were 
held at the Laboratories February 
16 and 17. 

H. A. ANDERSON spent February 
16 to 18 in Montreal in attendance 
at the Winter Meeting of the Ameri- 
can Society for Steel Treating. He 
also visited Һе Northern Electric 
Company and discussed copper wire 
problems with them. During the 
month of January, Mr. Anderson 
and J. B. Mudge of Hawthorne 
visited the Rathbone Company of 
Palmer, Massachusetts, and the 
American Steel and Wire Company 
of Worcester to discuss the produc- 
tion of pinion wire for parts for 
operators' calling dials. 

H. A. ANDERSON is Chairman, 
and J. R. Townsend and F. F. Farns- 
worth are members, of the A.S. T. M. 
Committee on Die Cast Metals and 
Alloys, which met February 24 in 
New York to plan an extensive series 
of tests of die cast specimens with 
bases of aluminum and zinc. 

J. К. Townsenp, Е. A. Hoyt AND 
C. L. HIPPENSTEEL visited the Gray 
Telephone Pay Station Company in 
Hartford to confer on changes in 
coin box stations. 

D. T. May has been appointed a 
member of the A. I. E. E. Sub-commit- 
tee on Communication Circuit Pro- 
tection. 


SYSTEMS DEVELOPMENT 


К. S. WirBun, J. W. WoopaARD 
AND D. C. MEYER represented the 
Laboratories at a conference іп 
Chicago the second week in January, 
discussing the conversion of the 
Chicago toll board to the C. L. R. 
method of operation. 

W. L. Fiver, Е. J. Scupper, J. Е. 
Тоомкү, Н. W. HEIMBACH AND К. 


Н. MILLER attended the cutover of 
the new step-by-step dial office and 
No. 3 toll board at New London, 
Connecticut, on the evening of Janu- 
ary 7. 

J. Н. BELL, E. P. BANcRoFT, E. 
J. JOHNSON AND J. A. MAHONEY 
attended a conference held in Mon- 
treal January 17 to 21 to discuss 
plans for the introduction of carrier 
telegraph equipment on the lines of 
the Canadian Pacific Railway System. 

С. A. Hurst made several visits 
to Boston, to inspect a trial instal- 
lation of new message registers. 

J. С. Warsit has been in Chicago 
for six weeks beginning January 25 
conducting tests on the new No. 701 
semi-mechanical P. B. X. 

W. C. BEAcH has been at McKees- 
port, Pennsylvania, since January 31 
testing cordless “В” dial equipment. 

J. А. MAHONEY was in Hawthorne 
working on lightning suppressor 
equipment for telegraph systems. 

F. VAN VoonHis visited. Pitts- 
burgh, Mount Vernon, Indiana, and 
Pineville, Kentucky, for studies of 
noise conditions in central оћсе 
power plants. 

5. F. BUTLER spent several days 
at Hawthorne discussing the intro- 
duction of the new decoder type 
sender on panel dial equipment. 

A. D. KNOWLTON visited Washing- 
ton, D. C. the beginning of Febru- 
ary for an investigation of present 
equipment preliminary to the pro- 
posed installation of dial telephones. 

C. E. WHITE has been in Chicago, 
conducting tests on constant frequency 
equipment used with the picture trans- 
mission apparatus there. 

RESEARCH 

E. Bruce sailed on February 11 
via the Leviathan for England, where 
he is going to work in conjunction 
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with А. С. Jensen on transatlantic 
radio. 

С. Н. G. Gray attended a confer- 
ence on transmitter testing machines 
held at Hawthorne by the Committee 
for the Survey of Apparatus Inspec- 
tion Methods and Quality, January 
23 to 27. 

H. A. FREDERICK AND H. A. Lar- 
LEE attended a meeting of the Ameri- 
can Telephone and Telegraph Re- 
pair Committee at Hawthorne Feb- 
ruary 6 to 11. 

HERBERT E. Ives has donated to 
the Optical Society of America the 
premium of one thousand dollars, 
which accompanied the John Scott 
Medal recently awarded to him for 
his work in the development of elec- 
trical telephotography and.television. 
The money will endow a medal in 
honor of his father, Frederic Eugene 
Ives, a pioneer in the application of 
optical science to color photography 
and photoengraving: 

Dr. Ives lectured on “Televi- 
sion” before the Franklin Institute 
in Philadelphia on February 15, J. G. 
Knapp assisting him with the ap- 
paratus. 

К. К. WirLiAMs, J. E. Harris, 
Е. E. SCHUMACHER AND С. Н. 
MATHEWSON left for Hawthorne on 
January 29, where they attended 
various conferences, particularly on 
lead covered cable and permalloy 
dust. On February 2 they visited 
the smelter and mine of the National 
Lead Company at St. Louis. From 
there Mr. Harris and Mr. Mathew- 
son went to Alton to inspect the smel- 
ter of the American Smelter and Re- 
fining Company, and Mr. Williams 
and Mr. Schumacher went to Keokuk 
to visit the plant of the National 
Lead Company. Mr. Harris, Mr. 


Schumacher and Mr. Mathewson re- 


turned on February 5, while Mr. 
Williams extended his trip to Gult- 
port, Mississippi, where he met S. C. 
Miller, and A. L. Fox of the Amert- 
can Telephone and Telegraph Com- 
pany. They inspected creosoting 
plants there and at Texarkana, and 
discussed a number of problems re- 
lated to creosoting. 

Е. Е. FARNSWORTH, J. M. FINCH 
AND Н. BoviNG, AND E. B. WHEEL- 
ER AND H. H. GLENN of the Ap- 
paratus Development Department, 
attended a conference on enameled 
wire held at Hawthorne from Febru- 
ary 7 to 14. Mr. Wheeler and Mr. 
Glenn also discussed questions relat- 
ing to development of switchboard 
lamps and to manufacture and test- 
ing of toll office cable. 

W. С. Knox AND L. Н. Camp- 
BELL visited the Corona typewriter 
factory at Groton, New York, in- 
specting the new Duco finish on 
Corona typewriters. 

К. К. WATERMAN attended the 
annual meeting of the American 
Wood Preservation Association held 
at Montreal January 23 to 26. 

А. К. Kemp AND С. L. HIPPEN- 
STEEL visited the Henry L. Scott 
Company at Providence on January 
13 for a discussion of operational 
details of the rubber compression test- 
ing machine which is being built there 
for the Laboratories. In the same 
connection, Mr. Hippensteel visited 
the Scott Company February 14. 

ON JANUARY r9, Harvey Fletcher 
visited the new laboratory of Johns 
Hopkins Hospital in Baltimore, 
which has recently been established 
under the direction of Dr. S. R. Guild 
to study the anatomy of normal and 
pathological ears. Mr. Fletcher was 
also in Washington January 20 and 
21, where he gavea lecture on "Instru- 
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mental Problems of the Deaf” before 
a sectional meeting of the National 
Research Council, on Problems of the 


Deaf. | 
INsPECTION ENGINEERING 


С. D. Epwanps, К. J. NossAMAN 
AND D. S. BENDER represented the 
Laboratories at a conference on field 
engineering work in the territory of 
the New England Telephone and 
Telegraph Company, which was held 
in Boston on January 25. 

THE CLEVELAND FIELD TERRI- 
TORY has been divided into two parts. 
I. W. Whiteside, formerly Local En- 
gincer at Cleveland, has been ap- 
pointed Field Engineer in the terri- 
tories of the Michigan Bell Tele- 
phone Company and the Indiana Bell 
Telephone Company, with headquar- 
ters at Detroit. G. Garbacz, who had 
been assisting Mr. Whiteside, is now 
Field Engineer in the territories of 
the Ohio Bell Telephone Company 
and The Cincinnati and Suburban 
Telephone Company. Mr. Garbacz' 
headquarters will be in Cleveland. 

D. S. BENDER, Local Engineer in 
the territory of The Southern New 
England Telephone Company, has 
also been appointed Field Engineer 
in the territory of the New England 
Telephone and Telegraph Company, 
replacing R. J. Nossaman. Mr. 
Bender's headquarters will be in New 
York. 

C. E. Hooker visited Radio Sta- 
tion WHAM in Rochester on Feb- 
ruary 7. 

W. A. SHEWHART visited the For- 
est Products Laboratory at Madison, 
Wisconsin, during the week of Janu- 
ary 30, to discuss general methods 
of analyzing engineering data. 


W. А. Bovp, Н. С. Eppy, К. M. 
Moopy, P. 5. OLMSTEAD AND Е. К. 
Leroy attended regular Survey Con- 
ferences at Hawthorne. W. C. Mil- 
ler, H. F. Gortheuer and T. Mellors 
attended similar Conferences at 
Kearny. 

Н. W. NewLUND, Local Engineer 
at St. Louis, visited Kansas City and 
several cities in Texas and Oklahoma 
during the first part of February, in 
connection with regular field work in 
his territory. 

P. В. AtmauisT, Local Engineer 
at San Francisco, was in Seattle and 
Portland during January. 


OutTrsipE PLANT DEVELOPMENT 


B. А. MERRICK visited the plant 
of the P. Wall Manufacturing and 
Supply Company in Pittsburgh on 
February 1. 

S. C. MILLER was in Gulfport, 
Mississippi, Texarkana, Texas, and 
St. Louis during February conducting 
timber preservation studies. 

I. C. SHAFER was in Boston on Feb- 
ruary IO in connection with develop- 
ment problems involving drop wire 
attachments. 

C. S. GORDON visited the plant of 
the Indiana Steel and Wire Company, 
Muncie, Indiana, during the early 
part of February. 

ON JANUARY 23 C. Н. Amadon 
was in Philadelphia attending a meet- 
ing of a committee engaged in revis- 
ing the national safety code for lad- 
ders. 


PATENT 


I. MacDOoNALD was іп Washing- 
ton from January то to February 8 
in connection with the prosecution of 
application for patent. 
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Club Notes 


y | “НЕ Spring Dance of the 
Club will be held in the 
Grand Ballroom of the Wal- 


dorf Astoria on Friday evening, 
April 27. There will also be pro- 
vided an hour's entertainment by 
well-known Broadway stars. Tick- 
ets will be one dollar and sixty-five 
cents and box seats will be two dol- 
lars and twenty cents each. Since the 
demand for box seats at our dances 
always exceeds the number available, 
the Committee suggests that those 
planning box parties order the seats 
at once. Forty-two boxes will be 
available. 


BOWLING 

A "free lance" bowling team from 
Room 910 met the Test Engineers’ 
team of the Western Electric Instal- 
lation Department Monday nig h t, 
January 30. The Laboratories team, 
consisting of T. V. Curley, A. M. 
Elliott, F. S. Entz, E. D. Johnson 
and C. White, were in their best 
form, and won all three games with 
a high score of 906. High indivi- 
dual average, 200, was made by El- 
liott. The team wants to arrange 
games with other capable bowlers in 
the Bell System. 


GOLF 

Seventy golfers reported to starter 
L. P. Bartheld at the Vander-Built- 
In Golf Course on Wednesday even- 
ing, January 25, for the second in- 
door tournament of the season. 

Thirty-six holes of medal play 
were required to determine who 


would qualify for the final match 
play. T. C. Rice carried off the 
prize for low medal score in Group 
r and F. D. Smith won a similar 
prize in Group 2. Each prize was a 
half-dozen golf balls donated by 
Alex. Taylor & Company. 

The gallery had an opportunity to 
see some fine golf in the finals. One 
match that provided suspense till the 
finish was that in Class À, Group r. 
in which T. C. Rice defeated J. G. 
Roberts only after the eighteenth 
hole had been played. Н. Wood 
gained a three and one victory over 
W. Burger in Class A, Group 2. In 
Group 1 of Class B, G. H. Heydt 
won, from А. A. Reading, and in 
Group 2 of the same class, J. Hillier 
defeated F. S. Entz. In the first 
group of Class C, E. G. Paterson was 
defeated by W. F. Johnson, while in 
the second group J. V. Moran de- 
feated G. Kellogg. In Class D, W. 
Smith was the victor over O. D. M. 
Guthe in the first group, and in Group 
2, H. K. Farrar won from D. M. 
Terry. 

The next indoor tournament will 


be held Tuesday evening, March 27. 
GLEE CLUB 
The Glee Club for Men and 


Women was reorganized on January 
19 and held its first rehearsal in the 
Auditorium on Monday evening, 
January 23. This group is being 
trained by Mr. L. K. Le Jeune, a 
paid director who has been engaged 
to coach the Glee Club for a period 
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Club basketball team. Standing: Christ (Systems), Waldron (Apparatus), Hanson 
(Shop), Hiscock (Commercial); seated: Hasior (Systems), Maurer (Research), 
Gittenberger (Systems), Steinmetz (Commercial), O'Neill. (Systems) 


of fifteen weeks. Each Monday 
evening at 5:10 Mr. Le Jeune will 
be more than pleased to give new- 
comers a welcome and an opportun- 
ity to sing. 


WOMEN’S ACTIVITIES 


DANCING 
The members of our dancing class 
are still reporting at Louis Vecchio’s 
studio on Monday evenings, their 
versatile talents ranging from the 
leisurely tango and stately waltz to 
the intricacies of soft-shoe and tap 
dancing. 
| SWIMMING 
Swimming is largely a matter of 
form, as Miss K. Spranger's pupils 
are fast finding out. Miss Spranger 
is substituting for Miss Steil, who 
was recently the victim of an unfor- 
tunate accident. The swimmers are 
rapidly learning the six- and eight- 
beat crawl, and several of the more 


intrepid are now performing credit- 
able jack-knife and swan dives. The 
class meets at the Carroll Club, each 
Monday at 7:00 and Wednesday at 
5:30. 
BASKETBALL 

The outside games of the Women's 
Basketball Team are still progress- 
ing. During January and February 
seven games were played. With two 
more to be played in March, the 
schedule will be complete, and a final 
report will be ready. The season's 
records indicate that if such able 
players as Natalie Skinner, Lillian 
Kaempffe and Mandy Reinbold con- 
tinue their high scoring, we shall 
have an undefeated season. The last 
two games, which should prove the 
best, are: Thursday, March 1, at five- 
thirty, with the Federal Reserve 
Bank, at 44 Maiden Lane; and Fri- 
day, March 16, at eight o’clock with 
the Hempstead Varsity Alumnae 
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Women’s basketball team. 


Alice Pease, Lillian Kaempffe; 


Seated: Mary Zwarick, Harriet Newman, Ann Barwon, 
standing: 


Marion Grimm, Margaret Brisbane, 


Natalie Skinner, С. Gittenberger—coach, Marie Boman—captain, Jean Hassett, 


Mandy Reinbold 


team, which two years ago played 
the champion team from Ohio and 
won the National High School Cham- 
pionship. 


BOWLING 

There is a new activity for women 
in the Club— bowling. This new 
interest gives indications of creating 
the same enthusiasm among the 
women as it has done for the past 
few years among the men. The man- 
agement of this activity will be pat- 
terned on the Men's Bowling League, 
so that by fall the Women's Bowl- 
ing League will be fully organized. 
All girls interested in bowling and 
who have not already sent in their 
names are urged to communicate with 
Miss A. E. Hamilton at once. 


‘TOURNAMENT 


A source of satisfaction to the 
women bridge players was the even- 
ing of Tuesday, February 7, when 
twenty players from the Laborator- 
ies played an equal number from the 
General Headquarters of the West- 
ern Electric Company. After three 
hours of intense playing, and astute 
bidding, our team won by a totil 


score of plus 4,326. Our players 
уеге: 


WOoMEN's BRIDGE 


Catherine Maull 
Katherine Munn 
Mildred Theubel 


Eleanor Barton 
Gertrude Beide! 
Mav Murtagh 


Thelma Tavlor May Lvnch 
Elizabeth Priztkow Virginia Crim 
Marion Stein Ellen Kerney 


Evelvn Brisbane 
Margaret Packer 
Hazel Mayhew 
Martha Kopf 


Marguerite Johnston 
Helen Wilson 
Allegra Hamilton 
Marion Cater 
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“Signal Shaping" for Submarine Cables 


By A. M. CURTIS 
Research. Department 


HE problem of signal shap- 
ing, more familiarly known 
as attenuation equalization, 


is one of the oldest in electrical en- 
gineering. In 1854 certain pioneers 
were discussing the possibility of a 
transatlantic submarine cable and 
there was a general opinion that the 
current would all leak out before it 
reached the receiver. Partly to set- 
tle this matter, E. O. W. Whitehouse 
and Professor S. F. B. Morse con- 
ducted some experiments in which 
signals were transmitted over 2,000 
miles of British telegraph lines 
looped to form a continuous circuit. 
In these experiments it was found 
necessary to use a type of transmis- 
sion in which “signal shaping" was 
accomplished by having each positive 
signal followed by a weaker negative 
signal and thus partly neutralizing 
the effect of the capacity of the line. 

In 1858, following the laying of the 
first Atlantic cable, attempts were 
made to increase its speed of about 
ten letters per minute by sending 
through a huge induction coil. This 
was a step in the right direction, but 


unfortunately the coil did not match 
the impedance of its circuits very well 
and the excessive voltage applied to 
the cable ruined it in a few days. 
These experiments now seem childish 
in view of our present knowledge, but 
it should be remembered that this 
all took place even before a system 
of electrical units had been devised, 
when Ohm's law was still a novelty 
and the very existence of inductance, 
as we understand it, was disputed. 
Before the cable failed it was estab- 
lished that the speed of transmission, 
using a mirror galvanometer as a re- 
ceiver, was fifty per cent higher than 
that when ordinary telegraph instru- 
ments were used. The fact appears to 
have been overlooked that the gal- 
vanometer constituted a mechanical 
resonant system which when properly 
adjusted improved the shape of the 
signals. 

In 1866 two successful Atlantic 
cables were completed. In them, use 
of a series condenser as an additional 
shaping element with the galvano- 
meter permitted the very satisfactory 
speed of seventy-five letters per min- 
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ute to be reached and allowed the 
rate per word to be reduced to one 
pound sterling. 

In 1867 Kelvin's siphon recorder 
was introduced and still another 
shaping element, a condenser in series 
with the sending end of the cable, was 
added. Development of signal shap- 
ing methods appears to have rested 
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loaded cable laid between Newfound- 
land and England. At this speed 
vacuum tube amplifiers and compli- 
cated shaping networks are required. 
As the cable attenuates the higher 
frequencies contained in the signal 
much more than the lower ones, the 
sending networks and the receiving 
apparatus are designed to reverse the 
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Figure One 


here for about thirty years although 
the introduction of duplex operation 
and automatic transmission still fur- 
ther increased the speed to about two 
hundred letters per minute in each 
direction. 

About 1898 shunt inductance ele- 
ments were added to the shaping net- 
works which then began to resemble 
our simpler attenuation equalizers. 
The improved shaping and later the 
use of mechanical amplifiers permit- 
ted the speed on the newer North 
Atlantic cables to be increased to 250 
letters per minute in each direction, 
and here it stayed until the advent 
of permalloy loaded cables. 

A simplex speed of 2,500 letters 
per minute in cable code with re- 
corded reception has been demon- 
strated on the latest permalloy 


process and equalize the attenuation 
of the cable. In the final result, the 
overall attenuation of the system is 
practically constant between about 
one-half and fifty-five cycles per 
second but then increases rather 
rapidly until the voltage received at 
111 cycles is about one-twelfth that 
at fifty-five cycles. The lower frequen- 
cies, which would otherwise be 
transmitted in excessive amounts. 
are penalized by series condens- 
ers, shunt inductances, and other 
devices which reduce the sensitivity 
of the receiving amplifier to the lower 
frequencies while making it more 
sensitive to the higher frequencies. 

As very few engineers realize how 
enormous is the improvement in cable 
signals produced by the modern shap- 
ing systems, it will be of interest to 
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Figure Two 
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demonstrate this by a series of oscil- 
lograms made in the laboratory on 
an artificial line representing the cable 
mentioned above. The speed at 
which these signals were transmitted 
was 2,640 letters per minute. The 
shaping of the signals was done with 
the intention that the highest re- 
versal frequency (111 cycles) would 
not be received from the cable but 
supplied by a synchronous vibrating 
relay which forms part of the receiv- 
ing apparatus.* Oscillograms of the 
transmitted signals and the corre- 
sponding received signals were taken 
with the string oscillograph. The 
time lines on the oscillograms are 
one hundredth of a second apart. 
These were omitted in the case of the 
transmitted signals as they would 
have obscured the trace considerably. 
The cable and amplifier system used 
in these experiments is shown in 
Figure r. Since the strong lower fre- 
quencies of the signal are suppressed 
in favor of the much weaker high fre- 
quencies, it is of course necessary to 
increase the gain of the amplifier in 
order to keep the received signal at 
a value which will operate the re- 
ceiving device, which in this case is 
the oscillograph. 

As the first step in the experiment 
all the shaping networks were re- 
moved from the sending and receiv- 
ing terminals of the artificial line and 
also from the amplifier. Oscillogram 
No. 1 shows the voltage applied to 
the cable by the transmitter. It con- 
sists of a group of forty pulses form- 
ing eight printing telegraph code 
characters repeated continuously. 

Oscillogram No. 2 shows what is 
received without any shaping, a 
slightly distorted sine wave of about 


С See Л. А. Clokey, Bell System Technical 
Journal, July, 1927, page 402. 


five and a half cycles frequency. The 
amplifier gain required for this signal 
will be called unity and the gains cor- 
responding to other stages in the 
shaping will be expressed very ap- 
proximately as multiples of this ini- 
tial gain merely to give a rough idea 
of how much of the signal must be 
discarded before it is intelligible. 

Oscillogram No. 3 shows what 
happened when the sending end net- 
work was added. In this particular 
experiment the latter was adjusted 
so that its effect was not very marked, 
but it will be noted that the wave 
which was originally smooth is now 
quite rough and distinctly unsym- 
metrical. The amplifier gain was 
twice the initial gain. 

No. 4 shows the effect of adding 
the shunted receiving condenser of 


the receiving network, N2. The gain 


is eight times the initial gain. A dis- 
tinct inflection is now observable in 
the wave and it is decidedly flat on 
top. 

No. 5 shows the effect of adding 
the entire receiving end network, N2, 
the gain being increased to seventy- 
five. А marked increase in definition 
is noted and distinct signs of the 
111 cycle component appear. 

No. 6 shows the effect of adding 
the first amplifier interstage network, 
N3, the gain being increased to 150. 
A sort of family resemblance between 
the received signal and the transmit- 
ted voltage can now be detected. 

No. 7 and No. 8 show the increase 
in definition caused by adding the 
amplifier networks N4 and Ns, re- 
spectively, the gain being approxi- 
mately the same as for No. 6. 

If No. 8 is now compared with No. 
I, every characteristic of the trans- 
mitted signal will be recognized al- 
though the exactness of the repro- 
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duction varies. The string of six 
pulses is reasonably like that trans- 
mitted. The double and triple signals 
are rounded off to resemble sine 
waves and the groups of single pulse 
reversals, while perfectly recogniz- 
able, are too small in proportion to 
the rest of the signal to be used to 
operate a receiving relay satisfac- 
torily. The shaping process might 
have been continued until the 111 
cycle component had been brought to 
an amplitude equal to that of the 
other signal components, although it 


could never be made an exact dupli- 
cate of the transmitted wave, as this 
would require the transmission of 
frequencies much higher than any 
cable will pass. It is, however, pos- 
sible to apply the signal of No. 8 to 
the synchronous vibrating relay sys- 
tem and restore it to exactly the wave 
form transmitted. This is the plan 
followed in our cable printing tele- 
graph system, as it permits a consider- 
ably higher speed of operation than is 
possible if the highest frequency is re- 
ceived in full amplitude from the cable. . 


Bell System Plant Additions 


Additions to plant and telephone equipment of the Bell 
System during 1928 call for an expenditure of $420,000,000, 
a sum almost half as great as the national debt at the time the 
United States entered the war, and considerably larger than the 
cost of constructing the Panama Canal. The magnitude of the 
operations is indicated by the facts that 950,000 poles are to be 
used, duct is to be placed for 3600 miles of underground cable, 
and circuits with a length of 3,340,000 miles are to be installed 
in aerial and underground cable. Prominent among the year’s 
accomplishments will be completion of the second cable route 
between New York and Chicago. 
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Platinum Alloys for Vacuum Tube Filaments 
By J. E. HARRIS 


Research Department 


HE filaments of vacuum 

| tubes used by the Bell System 
consist of ribbons of carefully 
prepared platinum alloy coated with 
the oxides of barium and strontium 
to give a higher electron emission. 
It is often asked why platinum is 
used instead of some less expensive 
metal such as tungsten, molybdenum, 
chromium, or iron. The answer is that 
the material of the filament core must 
be of such a nature that either there 


Hs Ж /7; Siedentop watching “melt” of 


platinum in high frequency induction 


furnace 


will be no chemical reaction between 
it and the barium and strontium 
oxides during the coating process, or 
in case some such a reacticn is un- 
avoidable that it will not destroy the 
thermionic activity of the coating. 


This requirement rules ош the 
base metals mentioned above. Tung- 
sten, for example, when heated in air 
in contact with barium and strontium 
oxides unites with them and destroys 
their property of emitting electrons 
copiously at a low temperature. It 
is true that platinum may form com- 
pounds with barium апа strontium 
oxides but these, unlike those formed 
with tungsten, are of such а nature 
that they are destroyed when heated 
in vacuo in the process of evacuating 
the tubes, the barium and strontium 
oxides being reformed on the surface 
of the filament. 

The filament alloy must consist of 
metals which may be purified to a 
high degree since it is known that 
the presence of small amounts of 
impurities in the filament may have 
an effect on the thermionic activity 
out of all proportion to the amount 
of impurities present. This prevents 
the use of certain metals of the 
platinum group, such as  iridium. 
ruthenium, osmium, and rhodium. 
which can be purified only with the 
greatest difficulty. 

The alloys of platinum which we 
need are not commercially produced 
and this fact together with the need 
for exceedingly pure materials has 
made it necessary to purify the metals 
and to produce the filament cores in 
the Laboratories. For this purpose, 
the best grades of commercial ma- 
terials are purchased, dissolved in 
acids, and carefully purified, after 
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Fusing a platinum rod with oxyhydrogen 
torch to remove bubbles and air pockets 


which they are reduced again to the 
metallic state. 

The platinum comes to us in the 
form of platinum sponge: a gray, 
amorphous, powdery material not at 
all similar in appearance to the 
platinum we see in the 
form of jewelry. This 
platinum is from 98 to 
99 per cent pure, the 
impurities consisting 
for the most part of 
rhodium, iridium, and 
palladium, metals 
which are closely re- 
lated in their proper- 
ties to platinum and 
which are separated 
from it with consider- 
able difficulty. These 
are carefully removed 
by methods which we 
have worked out in 
these Laboratories so 
that the platinum when 
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ready to use has a purity of at least 
99.98%. The purity of the metal is 
readily determined by a thermoelec- 
tric test, the thermal e.m.f. developed 
between a sample of the platinum be- 
ing tested and another sample of 
known purity giving a direct measure 
of the impurities present. 

In connection with this purification 
frequent use is made of the spectro- 
scope by means of which it is possible 
to determine what impurities are 
present and roughly to what exent. 
This information is often of great 
assistance in guiding the work of 
purification. 

The platinum and the alloying 
metals are finally obtained in the 
form of sponge which is pressed to- 
gether into pellets and melted in an 
induction furnace of a type similar 
to that recently described in an ar- 
ticle in the RECORD by J. Н. White. 
For melting the alloy a temperature 
of approximately 1750? C. (3400? 
К.) is required. 

After being melted and cast, the 
metal is rolled and swaged until a 


C. F. Larkins swaging platinum rod as the first step in size 


reduction 
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rod М4” in diameter and three or 
four feet long is obtained. At this 
stage, it is necessary to go over the 
bar carefully with an oxyhydrogen 


The projector for measuring the width of platinum alloy 
ribbon is shown in operation by H. T. Reeve 


torch to work out the gas pockets 
and bubbles embedded in the metal. 
In this process all the metal in the 
rod is fused slightly a little at a time. 
If this is not done the gas pockets 
are drawn out with the metal in the 
working process which causes the 
wire, when the smaller sizes are 
reached, to break into many pieces 
and sometimes makes it impossible 
to draw the wire at all. When the 
rod has been sufficiently treated in 
this fashion to give a perfectly sound 
bar it is further swaged and drawn 
into wire of the required size and 
finally rolled to ribbon ready for 
shipment to the tube shop. 

The final diameters of the wires 
from which the ribbon is to be rolled 
vary from one to thirteen thousandths 
of an inch, depending on the type of 
tube for which they are intended. 


The filament from the опе thou- 
sandth inch wire is used in a tube 
having a filament current of six hun- 
dredths of an ampere and that from 
thethirteenthousandth 
inch wire in a tube hav- 
ing a three ampere fila- 
ment current. А con- 
ception of the fineness 
of the smallest size 
wire may be gained 
from the fact that, al- 
though the alloy is 
twenty times as heavy 
as water, it requires 
more than a mile and 
three-quarters of the 
wire to weigh an ounce. 

The final step in the 
production of filament 
core is that of inspec- 
tion. In the production 
of filament it is neces 
sary, in order to insure 
the proper electrical 
characteristics for the tubes, to work 
to such close dimensions that even the 
most accurate of micrometers is not 
exact enough to measure the dimen- 
sions within the limits desired. For 
this reason the cross-section of the wire 
is determined by weighing samples a 
meter long. The width of the ribbonin 
the types of filament where the great- 
est accuracy is required is determined 
by projecting an image magnified а 
thousand times on a screen properly 
calibrated so that it is possible to tell 
by a glance at the image whether the 
ribbon falls within the required limits. 

Improvements in the core and in 
the coating and pumping processes 
have made it possible within recent 
years to increase the life of repeater 
tubes many fold, with large resultant 
savings to the operating companies 
and improvement in service. 
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Our Insurance Plan 


Bv J. F. MORAVEC 


Commercial Manager and General Auditor 


IFE insurance, as I view it, is 
a real asset to the present 
and future estate of any in- 


dividual. It affords immediate рго- 
tection to dependents in the hour of 
need and additionally combines with 
it, throughout the life of the policy, 
sound investment. I believe that 
most of us are apt to treat this mat- 
ter of life insurance too lightly. 
Recently we have each received a 
copy of the booklet concerning the 
Insurance Plan as adopted by the 
Laboratories, containing the terms 
and conditions under which insurance 
may be obtained. Perhaps some of 
us for one reason or another neglected 
to read this booklet. Others, perhaps, 
glanced through it superficially with- 
out much interest and have only a hazy 
idea of what it is all about. To all 
I would say, “Read it and read it 
carefully," for without question this 
Plan offers real advantages which 
many of us may not appreciate. The 
necessity for life insurance is very 
generally admitted but only too often 
the provision for such protection is 
delayed so long that when disaster 
overtakes us we find ourselves with- 
out adequate insurance and in some 
cases no insurance at all. Our inten- 
tions were good, but have you heard 
of anyone who protected his family 
or dependents with good intentions 
only? Delay is costly and one sure 
thing about insurance is that the price 
increases the longer we wait to do 


what in most instances we are even- 
tually going to do. 

The first question which, I take it, 
comes to the minds of most of us 
concerning the Plan is: "How much 
cheaper can I purchase protection 
under the new arrangement?” And 
when told that there is no premium 
saving under the Plan except for 
those who are engaged in so-called 
"hazardous occupations," we are 
quite likely to decide once and for all 
that the Plan offers little or no rea- 
son for us to participate. If it had 
not been for the fact that I, as a 
member of the Committee which con- 
sidered the advisability of adopting 
the payroll deduction insurance idea 
in the Laboratories, was afforded the 
opportunity to investigate the matter 
from all angles, I too might have de- 
cided similarly. As it was, I studied 
the Plan fully, considering it in the 
light of past experience and in its re- 
lation to the other employee plans of 
the Laboratories, and came to the 
conclusion that it offers a real service 
to all of us who desire to participate. 
Accordingly, it seems to me that the 
salient features of the Plan are 
worthy of fuller discussion than can 
be given in the Plan Booklet. 

First there is the payroll deduction 
feature. Experience has taught all of 
us that it is better to save first and 
spend afterward than to spend first 
and then save what there is left. The 
recognition of this fact underlies the 
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Savings and Stock Plans and is now 
incorporated in the Insurance Plan 
as well. To achieve financial inde- 
pendence, one of the most practical 
ways for most of us is to fix our sav- 
ing at a certain point by arranging 
that we receive that portion of our 
income that we plan to spend and 
have the rest automatically accumu- 
lated for us in the form of savings, 
stock or insurance. This arrange- 
ment is accomplished through the 
payroll deduction scheme. 

Even for those who can readily 
provide in advance for their financial 
obligations the payment of life in- 
surance premiums through salary de- 
ductions may prove an advantage in 
that it relieves them of the necessity 
of paying premiums personally to the 
insurance company. This is particu- 
larly true because arrangements have 
been completed with the insurance 
company since the inauguration of the 
Plan which make it possible to derive 
the advantage of the lower premium 
rate for annual payments and at the 
same time pay premiums through de- 
ductions from pay. This may be ac- 
complished in one of two ways: (1) 
You may, at the time of taking out 
your policy, pay the first annual 
premium in full to the insurance com- 
pany. Then you may authorize deduc- 
tions from pay to be held by the in- 
surance company and used to meet, 
annually, succeeding years’ premiums 
when they fall due. (2) You may, 
at the time of taking out your policy, 
authorize deductions from pay in 
such amounts as will meet payments 
on the current year's premium and 
will in addition accumulate іп ad- 
vance funds sufficient to pay in full 
the succeeding year's premium when 
it becomes due. ‘This is in еНесе a 
double deduction, partly for current 


year's premium requirements and 
partly to enable you in the succeeding 
year to operate your insurance pay- 
ments on the basis described under 
option 1 above. Both of these op- 
tions utilize the deduction scheme as 
applied to insurance very much as you 
might use the Savings Plan to ac- 
cumulate funds to meet your premi- 
ums for the succeeding year. In this 
connection. the insurance company 
agrees to credit you with interest at 
the prevailing rate (which at the 
present time is 434 96) on all amounts 
accumulated in advance until the time 
these amounts are applied in pay- 
ment of annual premiums. 

I feel, furthermore, that the pay- 
roll deduction feature may appeal to 
those who hold policies of the Equit- 
able Life Assurance Society taken out 
prior to the inauguration of the Plan, 
since that company has extended to 
them the privilege of authorizing 
payroll deductions for the payment 
of premiums on such insurance, re- 
gardless of whether or not they take 
out new insurance under the Plan. 

The omission of the customary 
medical examination in cases of ap- 
plicants between the ages of 15 and 
$$ inclusive for amounts up to a to- 
tal of $10,000 for any type of policy 
except Term is another feature of 
the Plan. Of course, the insurance 
company reserves the right to call for 
an examination when the physical 
condition of any employee would 
seem to indicate that this is neces- 
sary; but as most of us in the Labo- 
ratories are good risks from a health 
standpoint, this right will probably 
not be exercised very frequently. 

In all of this it is well to keep in 
mind that under the payroll deduc- 
tion plan your insurance is not de- 
pendent upon your continued employ- 
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ment with the Laboratories. You 
take out your insurance as an 
individual but your premiums are 
automatically cared for through pay- 
roll deductions. If at any time you 
sever your relations with the Labo- 
ratories, the protection you have 
bought stays with you. The only 
change would be that premiums on a 
quarterly, semi-annual or annual basis 
would be paid direct to the insurance 
company by you. The essential factor 
— protection — would not be affected 
in any way. Furthermore, when you 
take out insurance under the Plan, 
you have all the rights and privi- 
leges of a policy holder not under the 
Plan. As a matter of fact you are in 
a preferred position by reason of the 
advantages which I have mentioned. 

Finally, in the Equitable Life As- 
surance Society of the United States, 
the Company selected to operate 
under the Plan, we have one of the 
strongest, oldest and most progres- 
sive institutions in the insurance field. 

The selection of the proper life 


insurance is frequently an intricate 
matter and there is now available to 
all members of the Laboratories the 
service of an insurance expert, Mr. 
L. H. Bunting, who is the local repre- 
sentative of the Equitable, and who 
is now located in Room 144. He is 
ready to extend to anyone who may 
call upon him assistance in changing 
provisions of payments or beneficiary, 
and in all other life insurance mat- 
ters, whether for policies of the 
Equitable or of other companies. The 
service, in short, will be that gener- 
ally offered to only the largest policy- 
holders of a life insurance company. 
Those who desire Mr. Bunting's ad- 
vice may feel free to discuss their 
insurance matters with him. He may 
be reached by telephone on Ext. 264. 

In conclusion may I emphasize 
that life insurance is something which 
all of us should consider seriously 
and which most of us should make a 
part of our financial scheme, particu- 
larly if we have others dependent 
upon us. 
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Carrier. Telegraph in Canada 


Bv J. C. BURKHOLDER* 


PANNING the entire continent 
through the territory of our 
northern neighbor lies the 
Canadian National Railways System. 
А journey over its lines discloses 
scenery that warrants the almost un- 
limited use of superlatives. Jasper 
National Park, the largest national 
playground in the world, occupies 
but one small section of an almost 
continuous panorama of natural 
beauty and grandeur. Although its 
twenty-two thousand miles of track 
thread many large cities, much of its 
right-of-way 15 through a lonely 
country which the rapid growth of 
Canada has not yet compassed. From 
some of its station platforms bears 
are not uncommon sights and for the 
entertainment of the few inhabitants 
the howling of wolves is a frequent 
accompaniment of the northern lights 
which so frequently illumine the 
long winter nights, adding beauty to 
the scenery but severely hampering 
the operation of the telegraphs. 
One of the major departments of 
this railroad system is the Canadian 
National Telegraphs whose lines con- 
nect with those of the Western Union 
Telegraph Company in this country. 
Canada has been growing rapidly and 
it was realized some time ago that 
the telegraph facilities had become 
inadequate and that extensive addi- 


* Mr. Burkholder, formerly a member of the 
Systems Development Department, was the 
representative of the Laboratories in the en- 
gineering and installation of the system he de- 
scribes, Пе has since become Chief Engineer 
of the Canadian National Telegraphs. 


tions were necessary. One and a hat 
million dollars was the estimated cos: 
of providing the required channels 5 
adding new wire circuits. The samc 
facilities could be procured, however. 
by the use of multiplex carrier ar- 
cuits at an estimated cost of only hali 
a million. The proper step to tak: 
was obvious. 

Orders were placed with thc 
Northern Electric Company for a 
complete carrier system consisting of 
five terminal stations, twelve repeater 
stations, and a repeatered telephone 
circuit between Montreal and Winni- 
peg by way of Toronto, all to operate 
on the same pair of wires. For this 
work the system was divided into 
four sections: Montreal to Toronto. 
Toronto to Winnipeg, W'innipeg to 
Saskatoon, and Saskatoon to Van 
couver. 

The installation involved no small 
undertaking. Carrier current tele- 
graphy was entirely new to Canada 
and there was therefore no one 
familiar with the details of the $уз- 
tem. In addition the distances span- 
ned are enormous; the link {гот 
loronto to Winnipeg— over thir- 
teen hundred miles and requiring 
scven repcater stations — is the long- 
est in existence. Compared to carrier 
circuits in this country, the actual 
electrical length of this link is much 
greater than that indicated by the 
number of miles because the wire 
used has double the resistance of that 
ordinarily used by the American Tele- 
phone and Telegraph Company. 
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transcontinental carrier telegraph 
system. 

While making tests in the fall of 
1926, electrical disturbances were re- 
ported east and west of Capreol 
which lies just north of the western 
end of Georgian Bay. All this terri- 
tory north of Lakes Huron and 
Superior is wild and very sparsely 


Canada in some respects is par- 
ticularly suitable for carrier installa- 
tions. The fact that the distances 
are great between the large cities 
and that there are very few towns 
of any size intervening makes a car- 
rier system very attractive economic- 
ally. Of even greater importance, 
however, is the freedom from inter- 


ruption that the carrier will bring. 


OREPEATER STATION 
@TERMINAL STATION 


settled. Almost the entire population 


Fig. 1—Мар of Canadian National Railway System showing carrier terminal and 
repeater stations 


The effect of the aurora on grounded 
telegraph systems over the territory 
covered by the Canadian National 
Telegraphs is often calamitous. At 
times service is impaired for days 
at atime. The carrier, bringing al- 
most complete immunity from auroral 
disturbances, due to its being an un- 
grounded system operating through 
transformers, will be worth much 
more to Canadian industry than the 
million saved by its original installa- 
tion. 

Having been asked by Northern 
Electric for technical advice and as- 
sistance, the Laboratories pointed out 
that the operation of paralleling tele- 
graph circuits at 240 volts might 
seriously affect the carrier system. It 
was decided, therefore, to complete 
first a portable single carrier channel 
which could be used as a test circuit 
to determine what changes in the 
line would be necessary for the suc- 
cessful operation of the complete 


is in townships of two or three hun- 
dred people at the railroad division 
points. No roads exist; the railroad 
and its telegraph lines are the only 
links connecting these remote centers 
with the rest of the country. As the 
line had been reported in good con- 
dition and further as line inspection 
and maintenance in such a country is 
difficult, elaborate tests were made to 
locate the trouble and to discover its 
cause. While the tests were under 
way, the trouble disappeared, but not 
for long. 

During 1927 installation of the 
equipment went steadily along. 
Buildings had to be designed апа 
erected to house the equipment at 
several of the repeater stations. The 
accompanying photograph at Foleyet 
shows a typical repeater station in the 
foreground, built on to the old sta- 
tion with the higher gable just behind 
it. When testing was resumed on the 
Toronto-Winnipeg section in the late 
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Fig. 2—RKepeater Station at Foleyet; (3) gas car ready for inspection trip; (4) 
tangle of brush and wire; (5) the Yale Tunnel 


summer of 1927 the same peculiar 
disturbances that had caused so much 
trouble the year before reappeared. 

In view of the elusive nature of 
the disturbances, which indicated 
slack wires as a possible cause, it 
seemed wise to make a personal in- 
spection of the entire line west of 
Toronto. For this purpose the small 
gas car shown in Figure 3 was used. 
Linemen were taken along to repair 
bad sections as they were found. In 
general, conditions were far from 
being as good as had been at first 
reported. In some places the brush 
had grown up into the sagging wires, 
as is shown in Figure 4. At night 
tests were made both ways from 
that night's stopping place. As the 
inspection party proceeded the inter- 


ference became less and less till when 
Foleyet was reached the trouble had 
almost entirely disappeared. The line 
while satisfactory for ordinary direct 
current telegraphy was evidently not 
in sufficiently good condition for car- 
rier circuits. 

Still the line was noisy in some sec- 
tions so that tests were continued and 
further line inspections made, in the 
course of which the poles between 
transpositions were counted. Where 
irregularities were found additional 
transpositions were inserted. In one 
place where a 110,000 volt power 
line paralleled the telegraph circuit 
for about two miles it was necessary 
to put transpositions at every pole. 

Day by day and night by night the 
repairing and testing went on. Much 
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of the country is rough, requiring 
considerable detours from the track 
as may be understood by reference to 
Figure 5. Also the work was not 
without its hazards. Except for the 
section from Montreal to Toronto 
the system is single track and con- 
stant watch had to be kept for trains. 
At one time we came suddenly upon 
a freight train and had just time to 
jump as the gas car rolled into the 
rear end of the train. Оп another 
occasion while we were traveling 
along at about forty-five miles an 
hour with our eyes fixed on the tele- 
graph line the car ran into a derail- 
ing switch. Smashed equipment, an 
overturned car, and rather bruised 
observers were the result. 

The Toronto-Montreal section was 
opened to commercial service on 
April 26, 1927. On this day W. G. 
Barber, General Manager of Tele- 
graphs, sent the following telegram 
from Toronto to Vice-President Robb 
in Montreal: “Тһе carrier telegraph 
installation Montreal-Toronto has 
been completed and is working suc- 
cessfully. This message goes to you 
as the first message over a four chan- 
M PW FUP. 


s 
EM c 


„Ау 


ь` 4 
C6 


а! Е 
Г 


талы B. 


Tee oe eas uuum T um 


Fig. 7—Power plant for repeater station 


Fig. 6—Carrier panels in typical repeater 
station 


nel multiplex operating at fifty words 
per minute on one of the telegraph 
carrier channels. This is the first 
time in telegraph history that a tele- 
graph system has operated success- 
fully carrying both 
multiplex printer and 
Morse telegraph mes- 
sages over its various 
channels at such high 
speed." 

A little over six 
months after this, on 
November ninth, the 
section from Toronto 
to Winnipeg was 
opened with a public 
demonstration at each 
terminal. This marked 
the completion of 
more than half of the 
total distance of over 
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thirty-two hundred miles. While only 
six carrier channels had been planned 
originally for this section, ќгаћс had 
grown to such extent that it was nec- 
essary to take equipment built for one 
of the western sections to increase the 
Toronto-Winnipeg sections from the 
six carrier channels originally planned 
to ten. In addition it had been de- 
cided to install an additional terminal 
station at Edmonton and to relocate 


the repeater stations originally plan- 
ned for these western sections. 
With this considerable accomplish- 
ment behind them the Canadian Na- 
tional Telegraphs is going on with 
the installation of the remaining sec- 
tions which will complete its conti- 
nental span from Montreal to Van- 
couver and insure that during the 
long winter months the aurora will 
no longer be a menace to telegraphy. 
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A Treatise on Probability 


“Probability and Its Engineering Uses," by Thornton C. 
Fry, has just been published by D. Van Nostrand Company 
as part of its series of books by the staff of Bell Laboratories. 
An outgrowth of notes for the course given here and at a 
subsequent course of lectures at Massachusetts Institute of 
Technology, the book deals with many aspects of the interpre- 
tation of engineering and other data. 

Considerations of probability have been used so effectively 
in correlating telephone facilities to traffic, necessarily irregu- 
lar in flow, that the formulae and principles involved are of 
especial interest. More recently the same procedure has been 
applied to determine the stocks of materials and supplies 
needed at Hawthorne and Kearny, and to provide a rational 
means of inspection and control of the quality of manufac- 


tured products there. 


Ihe Local Circuit Development Laboratory 


By J. L. DOW 


Systems Development Department 


N the development of circuits for 
| local service both a design and 
a laboratory group participate. 
Although not taking a direct part in 
their creation the laboratory yet 
shares responsibility equally with the 
design group for the circuits which 
proceed to the field. Its function is 
to check all arrangements which may 
be proposed and issued; its respons- 
ibility is to see that not the smallest 
item is overlooked which might lead 
to possible failure. To insure success 
in every way humanly possible the 
laboratory group must therefore veri- 
fy in actual operation all circuits pro- 
posed by the design group. 
In carrying out this function each 
detail of every scheme is given care- 


ful scrutiny, a work requiring a staff 
of 128 trained engineers and some 
46 assistants. The department is 
subdivided into groups, each contain- 
ing specialists in one particular field. 
Relays, panel-type equipment, man- 
ual equipment, step-by-step equip- 
ment, special development problems, 
and field study and installation re- 
quirements, has each its own group 
of engineers who not only carefully 
analyze but test each new circuit that 
falls within its function. 

Last year over eight hundred new 
circuits were issued and over two 
thousand reissued. Some new circuits 
involve such well known principles 
and schemes that they may be ap- 
proved without test but most of them 


F. L. Cox examining local cable form of a cordless tandem circuit being wired by 


W. S. Hane and С. E. Blumenaur 
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must be carefully tested before they 
can be approved. To accomplish this 
each must be set up on benches in the 
laboratory; adjusted under the most 
adverse conditions that it may ever 
meet; and tested, not only by itself, 
but in conjunction with every other 
circuit to which it may be connected 
at any time. When the circuit with its 
associated equipment occupies too 
much space to be mounted on benches, 
as would be the case with panel type 
senders for instance, it is set up on 
standard telephone frames in the 
machine switching section of the labo- 
ratory. 

Making the local cable forms for 
these tests and cutting-in the ap- 
paratus on the frames or benches 
keeps a group of twenty-six men busy. 
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A. Bregartner adjusting a series of “E” type relays 


Each group of circuits is delivered as 
though it were to be placed in a cen- 
tral office for the service of the sub- 
scriber. 

Probably the most used single piece 
of apparatus in the laboratories — as 
in the telephone plant in general — is 
the relay. Twelve thousand of them 
were used in tests last year by the 
Circuit Development Laboratory. A 
large number were special or newly- 
designed relays which were made in 
the Model Shop solely for the pur- 
pose of being tested in the circuits 
under investigation. Each must be 
tested and adjusted both electrically 
and mechanically before it is placed 
on the frame and sometimes read- 
justed later during the testing of the 
circuit. Fifteen thousand relay ad- 
justments were made 
last year. In many 
cases they are delicate 
and demand skill and 


care to secure their 


satisfactory ac- 
complishment. 
Many interesting 


types of equipment are 
used by the engineers 
in the course of their 
work. Besides the usu- 
al instruments for 
measuring voltages, 
currents, and power of 
all magnitudes there 
are many special types 
of apparatus, among 
which is the pulse 
varying machine 
which was made neces- 
sary by the advent of 
dial systems and the 
resulting studies іп- 
volving pulsing. This 
device, of which there 
are four in the labo- 
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Loading coil pot with condensers and re- 

sistances used in making up the 40 sections 

of loaded No. 19 gauge cable. These 

sections are terminated in jacks in the left 

hand end of the patching section shown in 
the adjoining column 


ratory, provides means of sending a 
group of short electrical impulses 
such as are produced when the sub- 
scriber dials. These machines will 
produce either a continuous chain of 
pulses of any frequency from five to 
thirty per second or groups of any 
number of pulses separated by open 
periods. The duration of both the 
pulses and the open periods is adjust- 
able. This makes it possible to deter- 
mine the type of pulsing necessary to 
accomplish any particular result and 
also to determine the performance of 


relays under different pulsing condi- 
tions and lengths of circuit. 

To determine limiting distances, or 
length of loop, for different circuit 
functions, artificial lines are provided: 
electrical networks simulating very 
closely the characteristics of the vari- 
ous types of cable and open wire lines. 
These are built up in unit sections so 
that any desired length of line may be 
readily selected. Particularly inter- 
esting is the artificial duplication of 
forty sections, each equivalent to 1.66 
miles of loaded nineteen gauge cable. 
This is built up of condensers, resist- 


Main patching section which gives each 
engineer access to the common equipment 
of the laboratory 


ances, and loading coils in proper 
combinations and the sections ter- 
minate in jacks mounted in the labo- 
ratory patching section. 
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This patching section enables апу 
engineer to have access to all the arti- 
ficial lines described above and to all 
other circuits in the laboratory. 
Trunks running to various parts of 
the laboratory and to other labora- 
tories in the building terminate in 
jacks mounted in the patching sec- 
tions and the desired connections are 
made by plug-terminated cords. Each 
new circuit must be tested with the 
circuits with which it is to be asso- 
ciated so it is necessary to provide 
and maintain all the equipment which 
is found in standard central offices, 
not only manual but panel and step- 
by-step, as well as equipment for all 
forms of private branch exchanges. 
All these circuits terminate on a dis- 
tributing frame and most of them are 
connected to the patching section. 

Should any special circuits be re- 
quired for a particular test which are 
not wired to this section it is necessary 
only to change some of the cross-con- 
nections in the distributing frame to 
make them available. The patching 
section thus gives access to all the 
cireutts whteh- are commonly required 
and to other parts of the laboratory 
or building while the distributing 
frame multiplies and extends this 
function so that even the special 
equipment becomes readily available. 

Many studies are made which in- 
volve the measurement of periods of 
time of the order of a thousandth of 
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a second, such as the operating or re- 
leasing time of relays, or surges due 
to condenser discharge or to the 
breaking of inductive circuits. This 


J. E. Devany supervising the work on an 
intermediate distributing frame 


is most conveniently done with the os- 
cillograph, of which two are kept con- 
tinuously in use and a third is avail- 
able for studies of trouble in the field 
or to carry peak loads in the labo- 
ratory. In 1927 over twelve thousand 
separate oscillograms averaging seven 
feet long were taken and analyzed by 
the engineers. This represents the 
application of the oscillograph to 
nearly seven hundred specific circuit 
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Oscillogram showing amplified speech and noise 
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problems. Many of these were made 
to determine time intervals, but 
others made use of the instrument as 
a voltmeter, ammeter, or in some 
cases as a wattmeter, as inthe current- 
drain studies which were described in 
the January issue of the Record. 

As it is impossible to secure ac- 
curately readable deflections on the 
oscillograph with currents less than 
about a hundredth of an ampere and 
as it is frequently necessary to study 
circuit conditions involving currents 
as low as a thousandth of an ampere 
or less, there is provided a three stage 
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lative voltages produced by speech 
and by a disturbance on a subscriber's 
line. The peak at the right repre- 
sents the disturbance while the rest 
of the trace was produced by speech 
in a normal tone over the same line. 

A flexible and adequate power sup-. 
ply is, of course, a necessary adjunct 
to the circuit laboratory. For various 
alternating current requirements the 
laboratory is equipped with three 
standard central office ringing ma- 
chines which supply both the ringing 
current and the familiar tones, and 
also with one of the latest types of 
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Power equipment showing ringing machines, interrupters, and power distributing 
board, with a few of the 250 cords up 


resistance-coupled amplifier which 
amplifies any frequency within the 
range of the vibrating-mirror oscillo- 
graph itself. This extends the use 
of the instrument to the study of cur- 
rents of the order of those ordinarily 
produced by speech. The accompany- 
ing illustration shows how the oscillo- 
graph was used to determine the re- 


direct connected ringing machines. 
Beside these there are three ringing 
machines for special studies, the fre- 
quencies and voltages from which are 
independently variable throughout 
the entire range of standard values. 
Various other special machines are 
available also such as inductor alter- 
nators for low frequency tone studies, 
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and a vacuum-tube oscillator for fre- 
quencies from thirty-five to 75,000 
cycles per second. 

Except in special cases the labor- 
atory depends on the central power 
room for its direct current supply. 
Fifty trunks are run from the power 
room to the multiple jacks on the 
Laboratories! power board, and these 
are cross-connected as desired. 
Switches are arranged so that any 
potential from one to fifty-six volts 
may be obtained as desired and higher 
voltages may be obtained if necessary 
by special connections. To make the 
power supply flexible one hundred and 
thirty circuits гип from the power 
board jacks to the various benches 
and frames. These jacks may be 
connected by patching cords to the 
multiples which are supplied from the 
power room. 

It is such facilities as these that 


make it possible for the Circuit De- 
velopment Laboratory to carry on its 
work in the best fashion possible and 
to see that the standards of the Bell 
System are maintained in all new cir- 
cuits issued. 

Thus our tests carefully prepare 
the way for the field or trial installa- 
tion. This is a subject worthy of a 
separate article in the RECORD; it is 
mentioned now only to bring out the 
fact that the trial installation does 
not, as the term might imply, serve 
to recheck the work of the Local 
Circuit Development Laboratory. 
The field trial places the new equip- 
ment or system in what is to be, as it 
were, its habitat by adoption, where 
Its operation may be studied in con- 
junction with other equipment and 
with a flow of trafic and under con- 
ditions which it would be impossible 
to simulate within our laboratory. 


Recognition of Achievements 


Discussing the eight scientific achievements he considered 
outstanding in 1927, Sumner М. Blossom, editor of “Popular 
Science Monthly,’ named developments of the Laboratories 
for the first, second and eighth places, in an interview widely 
guoted in newspapers. In his opinion the gains in public con- 
venience would be greatest from the year’s advances in the 
field of communication. Television transferred from the field 
of conjecture to that of accomplishment, he placed first in 
value. Establishment of reliable two-way telephone service 
across the Atlantic ranked second. The remaining Labora- 
tories achievement in the group was talking motion-pictures, 
whose use multiplied so greatly during the year. 
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Permalloy in Audio Transformers 


By E. L. SCHWARTZ 
Apparatus Development Department 


HE use of permalloy for 
transformer cores has been 
a highly important contribu- 


tion toward the high quality of the 
transmission now obtained in audio 
frequency transformers, both input 
and output. Although available for 
only a few years, this material has 
been used to a rapidly increasing de- 
gree. Since manufacturing informa- 
tion was issued on the first coded 
transformer using a permalloy core, 
other designs have been added con- 
tinually so that now there are avail- 
able manufacturing specifications for 
dozens of audio frequency transform- 
ers of that type, for use under differ- 
ent conditions. Several hundred spe- 
cial designs have been developed as 
well, for use in the Laboratories in 
circuits and apparatus where trans- 
mission of high quality is desired. 
So rapidly has its use grown that 
permalloy is the core material in a 
large majority of the audio frequency 
transformers designed today. There 
are two principal reasons for its 
choice — desire for the best available 


transmission characteristic, and for 


reduction in size. Improvement of 
transmission quality has been the 
more influential of the two, but there 
have been a number of occasions 
where extreme compactness, such as 
could not be attained with a core of 
silicon steel, has been the primary 
consideration. Due to the high nickel 
content, however, permalloy costs 
considerably more than silicon steel. 


The first commercially important 
demand for audio-frequency trans- 
formers whose frequency range ex- 
ceeded the ordinary talking range of 
about 200 to 3000 cycles came in 
connection with the design of ampli- 
fiers for the Western Electric Public 
Address System a number of years 
ago. Although transmission require- 
ments were not unusually severe ac- 
cording to present standards, the occa- 
sion marked the beginning of a гаріа-. 
ly increasing demand for many types 
of audio-frquency transformers pos- 
sessing transmission qualities higher 
than had previously been necessary. 
Since then, the rapid increase in the 
development of loud speaking equip- 
ment, radio circuits and special ampli- 
fiers has made the electrical require- 
ments for transformers constantly 
more rigorous with respect to the 
frequency range to be transmitted 
and to the uniformity of transmission 
over that range. Опе of the most 
exacting commercial demands has 
been met in transformers used in am- 
plifers for talking moving pictures 
apparatus, where there is demanded 
as nearly uniform transmission as pos- 
sible between the frequencies of 40 
and 6000 cycles. In addition there 
have been numerous special develop- 
ments for which it has been necessary 
to design transformers giving uni- 
form transmission over an even wider 
range ; notable among these is the tele- 
vision system recently demonstrated, 
for which transformers were required 
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to transmit currents whose freqencies 
ranged from 10 to 20,000 cycles. 
Importance of the core material 
in improving transmission at the 
lower frequencies is shown by the dia- 
gram of an input transformer the 
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Figure I, above, and 2, below 


secondary of which is connected to a 
vacuum tube. Figure т is a schematic 
diagram, and Figure 2 the equivalent 
*T" network, where the condenser 
represents the input capacity of the 
tube and the distribut- 
ed capacity of the 
transformer. The 
series arms a and b 
represent the primary 
and secondary resist- 
ances and leakage re- 
actances, and M the 
mutual impedance be- 
tween the windings. 
At low frequencies b 
can be neglected, and 
only the resistance 
component of a need 
be considered; this may 
be added to R, the re- 
sistance from which 
the transformer is working. [t can 
readily be seen from this circuit that 
for the applied voltage to be trans- 
mitted without serious loss in the re- 


sistance К, the mutual impedance M 
must be large with respect to R. The 
value of M depends in turn prin- 
cipally on 15 reactive component, 
2afL, where L is the mutual induc- 
tance of the transformer and f the 
frequency. As the frequency 
decreases, the impedance M 
obviously decreases as well: 
if 1t is to be kept high with 
respect to R, the important 
consideration is that L be 
made high. Thus the change 
from silicon steel to permal- 
loy, by giving a core of high- 
еә er permeability, raises L and 
M and so maintains the volt- 
age amplification at frequen- 
cies where otherwise it would 
fall off badly. This merit of 
considerably higher permeabilitv 
than that of silicon steel is confined 
however to low flux densities such as 
are ordinarily present in audio-fre- 
quency transformers. 
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Fig. 3 — Effect of the core material on the voltage ampli- 
fication characteristics of two input transformers. 
curve, permalloy core; lower, silicon steel core. 
curves, and those of Figs. 4 and 5, were taken with a super- 
imposed direct current of 0.002 amperes through the pri- 
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mary winding 


The marked improvement in trans- 
mission quality of audio-frequency 
transformers which comes from the 
use of permalloy is readily seen from 
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comparison of the voltage-amplifica- 
tion characteristics of two input trans- 
formers differing only in the mag- 


netic materials used for their cores. - 


These characteristics are recorded on 
the curves of Figure 3. It should be 
borne in mind that the transformer 
used does not embody the highest 
amplification quality available, but 
was chosen rather to indicate the im- 
provement which can be made in the 
amplification of the lower frequencies 
by a change of core 
material. Тһе same 
windings were used for 
both curves, and the 
cores themselves, the 
same їп dimensions 
and construction, dif- 
fered only in material; 
one was of silicon 
steel, and the other of 
permalloy. Each core 
was separable, and so 
after measurements 
had been made using 
one core it was re- 
moved from the wind- 
ings and replaced by 
the other. In Figure 
3, the lower curve rep- 
resents measurements 
taken when the core 
laminations were of 
silicon steel, the material formerly 
used almost universally, and the up- 
per curve represents data with lamin- 
ations of permalloy. At frequencies 
as high as 300 the improvement from 
change of core material is noticeable, 
and at 60 cycles it is more than 4 
TU. It will be noted that there is no 
noticeable change in amplification at 
the higher frequencies. Above 3000 
or 4000 cycles the voltage-amplifica- 
tion characteristic is determined prin- 
cipally by design of the windings and 
is affected by change of the core ma- 


terial only to the extent that such a 
change permits modification of the 
winding design. 

In the design of output transform- 
ers marked improvement in transmis- 
sion at the lower frequencies, com- 
parable to that for input transform- 
ers, can also be made under most 
conditions by the use of permalloy 
cores. Consideration must usually be 
given, however, to the necessity of car- 
rying direct current of relatively 


Typical permalloy-core input transformers, potted and un- 
potted, weighing 2 and 334 pounds. Departure from this 
type has been mainly for output transformers required to 
transmit relatively large power and presenting correspond- 
ingly severe insulation problems; a few of these weigh as 


much as fifty pounds 


large value from the plate circuit of 
the vacuum tube. Susceptibility of 
permalloy to the magnetizing effect 
of direct current is far greater than 
that of silicon steel. With input 
transformers, ordinarily, direct cur- 
rent is so small that if it cannot be 
neglected the design can be arranged 
to take care of its presence, but for 
output transformers the direct cur- 
rent usually must be kept out of the 
transformer windings or its effect 
must be balanced out by some such 
circuit arrangement as push-pull con- 
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nection of the vacuum tubes. For- 
tunatcly in many of the recent ampli- 
fier designs the tubes in the last stage 
are connected in push-pull to give the 
necessary power output; with this ar- 
rangement the direct currents from 
the two tubes pass through the wind- 
ings in opposite directions, and so 
their magnetizing effects tend to neu- 
tralize cach other. Of course per- 
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GAIN IN TU 
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Fig. 4, above— Transmission. loss characteristics of поо 
output transformers. Lower curve, permalloy core; upper, 


silicon steel 


Fig. 5, below—Voltage-amplification characteristics of in- 
put transformers with permalloy cores. Upper, core assem- 
bled with butt joints; lower, with interleaved construction 


fect balance seldom results, but with 
tubes of average commercial quality 
the neutralizing effect is usually suf- 
ficient to assure a considerable part 
of the improved transmission charac- 
teristics made possible by the use of 
permalloy. In Figure 4, character- 
istics of output transformers are com- 
pared when the cores are of permal- 


loy and of silicon stecl. As before, 
there is no change in the windings. 
and the two cores are the same in size 
and shape, differing only in material. 
At the higher frequencies amplifica- 
tion is not changed, though an im- 
provement could have been secured 
by change in design; the improvement 
would however have been at the ex- 
pense of part of the gain at the lower 
frequencies. 

Use of a permalloy 
core is not of itself as- 
surance of high-qual- 
ity transmission at the 
lower frequencies; a 
substantial part of the 
improvement сап be 
lost by use of a type 
of core assembly un- 
suitable for the condi- 
tions under which the 
transformer is to he 
operated. An example 
is illustrated in Figure 
5. Two input trans- 
formers were used, 
with identical wind- 
ings, and each with a 
permalloy core. The 
two cores in turn were 
made up of identical 
parts, but were assem- 
bled somewhat diftfer- 
ently. In the first case, 
the laminations were 
assembled into two 
core units in the form 
of an E and I respec- 
tively. These were then placed to- 
gether, with butt joints where they 
touched, imparting the effect of an 
extremely small air-gap. This 
gave the core sufhcient stability to 
withstand the magnetizing effect 
of a small direct current in the wind- 
ings. In the case of the other trans- 
former, the same laminations were 
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assembled individually into а com- 
plete core, with the E and I pieces 
interleaved. ‘The joints were thus 
alternated from side to side, and the 
effect of the air gap eliminated as far 
as possible. The result was an unstable 
magnetic circuit, with inductance 
higher than given by butt joint con- 
struction when there was no direct 
current but much smaller under actual 
circuit conditions, when a relatively 
small direct current flowed through 
the windings. Change to interleaved 
construction increased the loss at 60 
cycles from 0.5 TU to 2.0 TU; such 


a loss in each input transformer of 


a Public Address System or an ampli- 
fier for talking moving pictures would 
of course be most objectionable. In 
output transformers, where appreci- 
able direct current is usually present, 
selection of proper core design is 
even more important. Use of any 
transformer with permalloy core 
should be restricted to circuit condi- 
tions for which it 1s suited, since pres- 
ence of an unsuitable condition such 
as is illustrated above when direct 
current is present may counteract in 
large part the benefits which the core 
material would otherwise bring, and 
render its use of little value. 


A Chrench Appreciation of the Bell System 


Monsieur Drouét, Inspector General of Posts and Tele- 
graphs of France, in his preface to E. M. Deloraine’s French 
translation of К. S. Johnson's “Transmission Circuits for Tele- 


phonic Communication,” 


gracefully acknowledges the in- 


debtedness of the world to the United States and particularly 
to the American Telephone and Telegraph Company for the 
development of telephonic communication. 


“Un groupement industriel et financier trés puissant sy est 
progressivement constitué autour de ? American Telegraph and 
Telephone Co., qui exploite aux Etats-Unis les communications 
à grande distance. Ses services techniques, et ceux des Sociétés 
qui lui sont affiliées, comprennent un état-major d'ingénieurs 
de premier ordre, et certains d'entre eux sont des savants dont 
Pautorité s'est imposée dans tous les pays. 

“De ce groupement d'hommes de valeur, qui mettent. en 
commun leurs efforts pour le per fectionnement d'une méme 
technique, on pourrait dire qu'il constitue une véritale confrérie 
intellectuelle qui développe et propage, en matiére de com- 
munications électriques, une doctrine dont la valeur est haute- 
ment apprécipée par tous les spécialistes." 


He speaks of their technical staff, in which he includes 
Bell Telephone Laboratories, as engineers of the first order 
who constitute an intellectual brotherhood for the development 
of matters pertaining to electrical communication. 
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Recent Technical Papers 


During the past year, a large number of papers by members of Bell 
Telephone Laboratories presented before professional societies have been 
published in their journals. Those listed below have not been noted 
` currently in the RECORD. 


Diffraction of Electrons by a Crystal of Nickel—C. J. Davison anp L. H. 
GERMER. Physical Review, December, 1927. 


A Note on the Thermionic Work Function of Tungsten 
Н. GERMER. Physical Review, November, 1927. 


The Scattering of Electrons by a Single Crystal of Nickel —C. J. DavissoN. AND 
L. H. GERMER. Nature, April 16, 1927. 


C. J. Davisson Амр L. 


The Thickness of Spontaneously Deposited Photoelectrically Active Rubidium Films, 
Measured Optically—H. E. Ives anp А. L. Јонмѕкор. Journal of the Optical 
Soctety of America, December, 1927. 


A Photoelectric Process of Halftone Negative Making Applicable over Telephone 
Lines—H. E. Ives. Journal of the Optical Society of America, August, 1927. 


Plane Waves of Light—I—Electromagnetic Веһауюг-Гнокмтом С. Еву. 
Journal of the Optical Soctety of America, September, 1927. 

Plane Waves of Light—II—Reflection and Refraction— Гнокмтом С. Fry. 
Journal of the Optical Soctety of America, January, 1928. 


On Electrical Fields and Metallic Surfaces—J. A. BECKER амо D. W. MUELLER. 
Physical Review, February, 1928. 


Precision Determination of Frequency—J. W. Horron лмо W. А, Marrison. 
Proceedings of the Institute of Radio Engineers, February, 1928. 


Frequency Measurements with the Cathode Ray Oscillograph—F. J. RASMUSSEN. 
Journal of the American [Institute of Electrical Engineers, January, 1927. 


The Short Wave Limit of Vacuum Tube Oscillators—C. К. ENGLUND. Proceed- 
ings of the Institute of Radio Engineers, November, 1927. 


The Propogation Characteristics of Sound "Tubes and Acoustic Filters—W. Р. 
Mason. Physical Review, February, 1928. 

A Direct Comparison of the Loudness of Pure Tones—B. А. Kincsspury. Physical 
Review, April, 1927. 

Observation of the Microstructure of the Path of Fatigue Failure in a Specimen 
of Armco Iron—F. Е. Lucas. American Society for Steel Treating, Trans- 
actions, April, 1927. 

Submarine Cable Insulation with Special Reference to the Use of Rubber—R. В. 
WiLLiAMs AND А. К. Kemp. Journal of the Franklin Institute, January, 
1927. 
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Direct Determination of Hydrocarbon in Raw Rubber, Gutta Percha and Related 
Substances—A. К. Kemp. Industrial and Engineering Chemistry, A pril, 1927. 


“Ihe Significance of the Dielectric Constant of a Mixture. Н. Н. Lowry—Journal 
of the Franklin Institute, March, 1927. 


“The Densities of Coexisting Liquid and Gascous Carbon Dioxide and the Solubility 
of Water in Liquid Carbon Dioxide—H. Н. Lowry Амр W. К. ERICKSON. 


Journal of the American Chemical Society, November, 1927. 


Absorption of Water by Rubber—H. Н. Lowry амо G. T. Конмам. Journal of 
Physical Chemistry, January, 1927. 


The Adsorption of Gases by Solids with Special Reference to the Adsorption of 
Carbon Dioxide by Charcoal—H. H. Lowry anp P. S. Oumsteap. Journal 
of Physical Chemistry, November, 1927. 


Effect of Moisture оп Electrical. Properties of Insulating Waxes, Resins and 
Bitumens—J. А. LEE Амр Н. Н. Lowry. Industrial and Engineering Chem- 
istry, February, 1927. 

Brittleness Tests for Rubber and Gutta-Percha Compounds—G. Т. KoHMAN AND 
К. L. PEEK, JR. Industrial and Engineering Chemistry, January, 1928. 


Structure of a Protective Coating of Iron Oxide—R. M. Bozortu. Journal of 
the American Chemical Society, April, 1927. 
‘The Solid Solubility of Antimony in Lead as Determined by Conductivity Measure- 


ments on Cold-Worked Alloys—E. E. SCHUMACHER AND С. M. Bourron. 
Journal of the American Chemical Society, July, 1927. 


An Efficient Apparatus for Measuring the Diffusion of Gases and Vapors through 
Membranes—E. E. SCHUMACHER AND L. FERGUSON. Journal of the A mer- 
ican Chemical Society, February, 1927. 


The Electric Moments of Substituted Benzene Molecules and the Structure of the 
Benzene Ring—C. P. бмүтн AND S. О. Моксам. Journal of the American 
Chemical Society, A pril, 1927. 


ASA 


Sp OOF e ORA Жы Ири p Eni PR Ps 


News 


THE Арркеѕѕ which Dr. Jewett 
delivered before the Alumni Dinner 
of Massachusetts Institute of Гесһ- 
nology is published in the March is- 
sue of The Technology Revieso under 
the title "Scientific Education.” On 
February 28 Dr. Jewett spoke on 
"Some Facts and Fallacies about In- 
dustrial Research” before a Luncheon 
Meeting of the Philadelphia En- 
gineers Club. 

J. C. HUNSAKER was the host of 
Col. Stedman S. Hanks, President of 
the American Airports Corporation, 
when the latter visited the Labora- 
tories on March о. 


SYSTEMS DEVELOPMENT 


L. F. PoRTER made tests on No. 3 
toll circuits at Reading, Pennsylvania. 

Н. J. FISHER is in London, Eng- 
land, conducting: tests on new im- 
provements on the transatlantic cir- 
cuits. 

С. W. Ames left on February 20 
for Denver, Colorado, to study field 
conditions on broadcasting circuits 
routed over transcontinental tele- 
phone lines. 

C. D. WALKER was in Chicago, 
discussing plans for the installation 
of a new power plant for the en- 
larged Chicago Toll Оћсе with en- 
gineers of the Illinois Bell Telephone 
Company. 

Н. M. SPICER spent two days in 
Waltham, Massachusetts, discussing 
voltage control equipment with the 
Palmer Electric and Manufacturing 
Company. 


Notes 


T. C. CAMPBELL spent the first 
week in February studying trouble 
conditions on panel selector frames 
in the Chicago dial offices. 

К. P. Јотѕом visited Капе and 
Ете, Pennsylvania, and Newark, 
Ohio, where he studied the use of 
small automatic power plants їп vari 
ous types of power service. 

H. D. BRUHN visited the first No. 
701-A P. B. X. to be installed in 
Chicago on February 13. 

V. T. CALLAHAN investigated 
emergency gas engines in Schenectady 
and Utica, New York. 

F. К. DICKINSON arranged for the 
new grouping of transmission measur- 
ing equipment in the new Cleveland 
Toll Office. 

С. W. Van Duyne visited the 
Westinghouse Electric and Manuf ac- 
turing Company at Pittsburgh to dis- 
cuss development features of an 
emergency charging set driven by 
kerosene engines. 


GENERAL STAFF 


DURING ScHOOLMEN's WEEK at 
the University of Pennsylvania, John 
Mills addressed the science sections 
on "Physics and Chemistry of Tele- 
vision." 

5. P. GRACE spoke before the New 
York Electrical Society on recent de- 
velopments in the Laboratories, on 
March 9. 

К. W. KiNG lectured before the 
Wednesday Club of St. Louis on 
March 14, on the subject “Research 
and Development at Bell Telephone 
Laboratories.” 
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PATENT 
DuRING OCTOBER, NOVEMBER, 
DECEMBER, JANUARY AND FEBRU- 
ARY patents were issued to the follow- 
ing members of the Laboratories 


staff: 


H. D. Arnold Е. A. Kuntz 

E. P. Bancroft A. G. Landeen 
E. L. Baulch W. G. Laskey 

F. S. Bernhard V. E. Legg (2) 
C. H. Berry M. B. Long 

W. L. Betts G. T. Lorance 
H. S. Black (2) H. H. Lowry (2) 
D. G. Blattner (2) G. R. Lum 

O. E. Buckley (2) D. MacKenzie 

R. M. Burns W. H. Manthorne 
E. T. Burton W. A. Marrison 
W. W. Carpenter G. R. Martin 

R. W. Chesnut R. C. Mathes (3) 
E. H. Clark D. T. May 

A. M. Curtis E. D. Mead 

). W. Dehn D. D. Miller (2) 
R. W. DeMonte (2) John Mills (2) 
H. F. Dodge (2) C. E. Mitchell 

A. D. Dowd C. R. Moore (3) 
T. J. Engel E. R. Morton 

J. F. Farrington (5) R. Nordenswan 
J. €. Field (2) A. A. Oswald 

H. J. Fisher R. E. Peoples 

J. W. Foley (2) Н. Pfannenstiehl 
W. Fondiller W. A. Phelps 

C. B. Fowler R. L. Quass 

H. A. Frederick H. T. Reeve 

H. T. Friis G. Riggs 

J. O. Gargan (2) J. G. Roberts 

J. S. Garvin Е. М. Ryan (2) 
E. W. Gent (2) J. P. Schafer 

J. J. Gilbert J. C. Schelleng 
A. F. Gilson P. Schwerin 

Н. W. Goff (2) W. J. Shackleton (2) 
J. W. Gooderham O. A. Shann 

C. L. Goodrum T. E. Shea (2) 
W. S. Gorton J. B. Shiel 

Frank Gray H. O. Siegmund (2) 
С. W. Green L. J. Sivian 

T. R. Griffith A. B. Sperry 

A. Haddock C. A. Sprague 

A. E. Hague F. А. Stearn (2) 
L. N. Hampton C. W. Stevens 
H. C. Harrison (3) R. L. Stokely (2) 
R. V. L. Hartley (2) W. J. Thayer 

R. A. Heising (3) H. W. Ulrich (2) 
E. E. Hinrichsen (2) H. Vadersen 

J. W. Horton C. G. Von Zastrow 
H. Hovland F. A. Voos 

F. A. Hubbard E. Vroom 

Н. E. Ives (5) R. L. Wegel 

K. S. Johnson E. C. Wente 

W. C. Jordan E. B. Wheeler 
A. R. Kemp (2) R. S. Wilbur 

D. H. King F. C. Willis 

J. J. Kuhn I. G. Wilson 


С. Н. НЕүрт, С. T. Morris, T. 
P. NEVILLE, J. С. К. PALMER, Р. С. 


SMITH AND E. WOODBURY were in 
Washington, D. C. from February 
8 to March 13 in connection with the 
prosecution of applications for 
patent. During the same period G. 
H. Stevenson and W. G. Crawford 
visited Philadelphia and Camden, re- 
spectively. 


INsPECTION ENGINEERING 
W. C. MILLER AND R. M. Moopy 


attended regular Survey Conferences 
at Hawthorne during the early part 
of March. H. F. Kortheuer and T. 
Mellors attended a similar confer- 
ence at Kearny. 

С. D. EpwarDs Амр К. J. Nossa- 
MAN visited the Cleveland, Detroit 
and Chicago field territories during 
the first two weeks in March, and 
discussed general field activities with 
Telephone Company engineers and 
Western Electric Distributing House 
men in Detroit, Indianapolis, and 
Columbus. Mr. Nossaman also 
visited field headquarters at St. Louis 
and Cleveland. 

A. I. RivENES, formerly Local En- 
gineer in the Chicago field territory, 
has resigned to become Division Traf- 
fic Engineer of the Chicago Area for 
the Illinois Bell Telephone Company. 

I. W. WurrEsipE, formerly Field 
Engineer at Detroit, has been ap- 
pointed Field Engineer in the terri- 
tories of the Illinois Bell Telephone 
Company and the Wisconsin Tele- 
phone Company, replacing A. I. 
Rivenes. Mr. Whiteside's headquar- 
ters will be in Chicago. 

R. C. KAMPHAUSEN has been ap- 
pointed Field Engineer in the terri- 
tories of the Michigan Bell Tele- 
phone Company and the Indiana Bell 
Telephone Company, replacing I. W. 
Whiteside. Mr. Kamphausen's head- 


quarters will be in Detroit. 
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Оствюек PLANT DEVELOPMENT 


R. L. Jones, C. D. HOCKER, AND 
V. B. PIKE, with С. A. Anderegg 
and E. E. Schumacher were in Phila- 
delphia on February 28 to observe a 
demonstration of a proposed new 
method of joining cable sheath. 

E. M. Honan Амр А. К. КЕМР 
visited New Haven and Bridgeport 
on March 1 and 2 to study develop- 
ment of rubber covered wire. 

I. C. SHAFER was in New Haven 
on February 29 in connection with 
development problems involving drop 
wire attachments. 

J. M. HarpesTY attended the an- 
nual meeting of the American Con- 
crete Institute in Philadelphia, from 
February 28 to March r. 

L. W. KELsAY AND W. W. WER- 
RING were in Bridgeport on March 
I, studying proposed improvements 
in connecting blocks. 

E. M. Honan AND А. R. KEMP 
attended a meeting of the Rubber 
Committee of the American Society 
for Testing Materials on March 15 
and r6. 

C. D. HOCKER attended a commit- 
tee meeting of the American Society 
for Testing Materials in Phila- 
delphia on March 9. 


APPARATUS DEVELOPMENT 
Н. W. боғғ амр J. Е. HEARN re- 


cently visited the American Brass 
Company plant at Waterbury, Con- 
necticut to observe new methods of 
arc welding. 

C. G. McCormick was in Chicago 
during the second week of February 
to discuss questions on step-by-step 
apparatus with representatives of the 
Automatic Electric Company and to 
obtain information on apparatus at 
Western Electric, Hawthorne. 

JAMES ABBOTT AND C. J. Пех- 


DRICKSON visited Philadelphia on 
February 20 to confer with engineers 
of the Western Electric [Installation 
Department at the Baring оћсе on 
dial testers installed there. 

H. S. PRICE supervised the installa- 
tion of a master oscillator unit in the 
five-kilowatt broadcasting equipment 
of the U. S. Playing Card Companv 
in Cincinnati. He also inspected the 
five-kilowatt broadcasting station ot 
the Stromberg-Carlson Telephone 
Manufacturing Company ас Ro- 
chester. 

Н. M. STOLLER lectured on Tele- 
vision before the Rochester section 
of the A. I. E. E. on March 2. 

J. €. FIELD spent several weeks in 
North Dakota working on the train 
dispatching system of the Min- 
neapolis, St. Paul & Sault Ste. Mare 
Railroad Company. On his way east 
he made an investigation of the se- 
lector supervisory system used by the 
Illinois Central Railroad Company. 

P. Н. Pierce was the author of 
an article on “Some Applications of 
Vacuum Tube Amplifiers" which ap- 
peared in the February issue of The 
Nebraska Blue Print. 

Т. К. SHEA is spending the first 
half of each week lecturing before a 
class on “Transmission Networks" at 
Massachusetts Institute of Tech- 
nology. The class includes over thir- 
ty students and is also attended by 
about twelve members of the faculty. 

W. W. WeERRING has been ap- 
pointed to the Committee on Stand- 
ardization of Impact Testing Me- 
thods of the American Society for 
Testing Materials. 

Н. О. SigGMUND visited Haw- 
thorne on March 14 to confer on 
contact design. 

W. FoNpiLLER, F. F. Lucas, Н. 
N. VAN DeEuUSEN AND J. E. Harris 
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visited Kearny on March 14 to in- 
spect developments in the extrusion 
Of lead cable sheath, and thermal 
control of the lead presses. 


RESEARCH 


L. J. Coss visited Hawthorne on 
March 11 to set up equipment for 
testing No. 4-A electrical repro- 
ducers. W. C. Jones and L. A. Mor- 
ison later went to Hawthorne to ob- 
serve the manufacture of these 
г eproducers. 

E. С. SHOWER visited the Johns 
Hopkins Hospital at Baltimore to in- 
spect apparatus used in various 
phases of work on audition. 

C. К. Moore was at Hawthorne 
from March 3 to r1 in connection 
with work on broadcast transmitters. 

К. M. Burns attended a confer- 
ence on electroplating at the Bureau 
of Standards in Washington, on 
March 2. 

W. С. KNox witnessed trials of the 
application of sprayed lacquer in re- 
finishing housings of subscriber sets 
in Philadelphia on February 27. 

К. F. FARNSWORTH AND C. L. 
HIPPENSTEEL attended meetings of 
the metal section of the American 
Society for Testing Materials in 
Washington on March 21 and 22. 

К. M. Вскмѕ AND Е. Е. FARNs- 
WORTH with Н. N. Van Deusen of 
Apparatus Development studied the 
effect of corrosion on central office 
equipment in Altoona, Pennsylvania, 
and Atlantic City, New Jersey. 

Н. E. Ives lectured on television 
before the Naval Post-Graduate 

School at Annapolis on March 2, at 
the University of Kansas on March 
5, and before the St. Louis section of 
the А. I. E. E. on March 8. On 
March 20 and 21 he spoke before the 
students and faculty of Yale. 


Н. D. ARNOLD lectured on “Recent 
Researches in Communication" Бе- 
fore a joint meeting of the Middle- 
town Science Society and the Physics 
Department of Wesleyan University 
in Middletown, Connecticut, on 
March 13. 

E. F. KINGSBURY gave a short talk 
on television before the Women's 
Reading Club of Rutherford, New 
Jersey, on March 30. 

C. J. Davisson spoke on ‘Diffrac- 
tion of Electrons by a Crystal of 
Nickel" before the Philosophical So- 
ciety of Washington, D. C., on 
March 31. 

F. GRAY spoke on television before 
a Joint meeting of the Exchange 
Clubs of Scranton and Wilkes-Barre 
in the latter city on March 20. 

ON FEBRUARY 29, C. T. Wood 
addressed the Men's Club of the 
Broadway Tabernacle on “The 
Dance of the Electrons.” 

E. M. Nott visited the Henry L. 
Scott Company at Providence on Feb- 
ruary I4 to discuss operational de- 
tails of the rubber compression ma- 
chine which is being built there for 
the Laboratories. 

M. J. KELLY addressed the Col- 
loquium at Massachusetts Institute 
of Technology on March 5 and 6, оп 
‘Thermionic Filaments of Vacuum 
Tubes Used in Wire Telephony." 

FRANK Gray lectured on “Tele- 
vision and the Electrical Transmis- 
sion of Pictures" at the Brooklyn 
Academy of Music on March 31, un- 
der the auspices of the Alfred Wa- 
ters Proctor Foundation. 

К. К. WILLIAMS spoke at the Col- 
loquium on March 5, on ''Conduc- 
tion of Electricity in. Textile Insula- 
tions”; and on March 19, J. C. Schel- 
ling spoke on "Recent Developments 
in Radio Transmission." 
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A AA КУК КУК 
Club Notes 


The 1927-28 basketball season was 
completed on Tuesday evening, Feb- 
ruary 28, when the team representing 
the Equipment Branch of the Systems 
Development Department and that 
of the Commercial Department 
played for the Club Championship. 
This year the league season was di- 
vided into halves, of which the Equip- 
ment Department won the first and 
the Commercial Department the sec- 
ond. Equipment won the deciding 
game by a score of 28 to 18 before a 
large and enthusiastic gathering, and 
now has two legs on the trophy. То 
the Еашртепе men also went the in- 
dividual prizes. The final standing 
in the league was as follows: 


Won Lost 
Equipment ................. II I 
Tube Shop ................ 9 3 
Commercial ............... 8 4 
Reseatch. uae ids eS) 5 7 
Toll and Circuit............ 4 8 
Apparatus Development .... 3 9 
Junior Assistants ........... 2 IO 


First Ten Individual High Scorers 


Field Foul Total 
Goals Pts. Pts. 


MacCullough—(' Toll and Circuit) 13 18 44 
Nichols— (Commercial) ......... 49 I4 II2 
Kontis—(Tube Shop) ........... 47 12 106 
Smith—( Apparatus) ............ 33 2 68 
De Angelis—(Research) ......... 31 5 67 
Lohmeyer—( Apparatus) ......... 29 5 63 
Elliot—(Research) .............. 26 10 62 
Smith—(Tube Shop) ............ 27 6 бо 
Ottoman—(Equipment) .......... I9 14 52 
Bodtlander—(Jr. Assistants) ...... 22 7 5I 


HIKING 


For those who have shared the joy 
of following trails through wood and 
meadow to a blazing campfire and a 
supper beneath the stars, there is no 
need of a pressing invitation to join 


the hiking club. Others who are in- 
terested will find a warm welcome, 
and friends of members are invitcd 
to соте. 

Some of our hikers anticipated the 
opening of the ofhcial season and, 
under the leadership of Bob Bogumil, 
spent Washington's Birthday at Bear 
Mountain, where skiing, tobagganing, 
and ice-skating were in order. On thc 
same day, another group hiked to 
Silver Lake, White Plains, where W. 
C. Buckland and F. R. Stansel pre- 
pared an old-fashioned clam chow der. 

Though hiking is its own reward, 
a splendid trophy is to be awarded 
this year to the best hiker among the 
men and another to the women. 
Choice will be made from those hik- 
ing the greatest distance in the sea- 
son, by vote of those covering fifty 
miles on Club hikes. АП who hike 
one hundred and twenty-five miles are 
to be the guests of the Club on a spe- 
cial hike at the end of the season. 

The spring program will begin on 
saturday, April 14, with a ten mile 
hike from Piermont to Alpine, the 
objective being a campfire supper 
with Phyllis Barton as hostess. The 
cost of transportation and supper will 
be about one dollar and fifty cents. 
On Sunday, April 22, the group will 
hike by trail under the leadership of 
Trevor Temple from Suffern to Tux- 
edo through the picturesque Ramapo 
Mountains. The cost of transporta- 
tion will be about two dollars. Please 
call Phyllis Barton or A. Grendon if 


you wish to attend cither. 


{270} 


Printed copies of the complete hik- 
ing schedule for the spring may be 
obtained on request. 


BASEBALL 
The Bell System Baseball League 


will open the 1928 season on Mon- 
day evening, April 30, at Erasmus 
Field, Brooklyn. This year the 
league is composed of fourteen teams 
and is divided into two groups of 
seven teams each. Games will be 
played each week on Monday, Tues- 
day, Thursday and Friday evenings 
starting promptly at 6 P. M. АП 
members of the Laboratories are in- 
vited to attend these games. 


TRACK AND FIELD 
The Bell System Baseball League 


will promote an intercompany track 
and field meet at Erasmus Field on 
Saturday afternoon, June 16. 


WOMEN’S ACTIVITIES 
DANCING 


The dancing class continues every 
Monday night at the Vecchio Studio, 
where the “Varsity Drag" is the lat- 
est subject for study. 


SWIMMING 


The new term for Women’s Swim- 
ming Classes will start Monday, 
April 4. There will be two classes a 
week, and the course, which will ex- 
tend over a period of ten weeks, will 
afford a splendid opportunity to put 
in some intensive training for the 
summer vacation. For application 
blanks see Miss Steel, Section 1-С. 


BowrING 


The women bowlers of the Labo- 
ratories are most enthusiastic about 


the arrangements made for them by 
the Bell Laboratories Bowling 
League. Four teams selected in a 
contest held on February 24 have 
been scheduled to bowl at Dwyers on 
Friday evenings for six weeks ending 
April 6. А member of the Bowling 
League has been present to instruct 
the beginners, and there has been 
marked improvement in the scores 
since the first games. The women's 
teams are represented on the execu- 
tive committee of the Bowling League 
by Helen Cruger and Marie Boman. 


BASKETBALL 


With a record of having won six 
games out of nine, the Women's 
Basketball Team has completed the 
1927-28 season with a success hither- 
to unattained. This season, which 
has meant the first real attempt at 
outside competition, has opened up 
an avenue leading to future attractive 
and spirited programs in women's 
basketball. The first ive games were 
successive victories for the Labo- 
ratories Club Team, which defeated 
teams of the Southern Division of 
the New York Telephone Company, 
the Vacuum Oil Company, the Sea- 
board National Bank, Hudson Street 
branch of Western Electric, and the 
Union Carbide and Carbon Corpora- 
tion. Then followed defeats by the 
People's Palace and the Federal Re- 
serve Bank. In a return game with 
the Southern Division of the New 
York Telephone Company the Labo- 
ratories Team was again victorious. 
In the final game, Hempstead High 
School Alumnae were winners; they 
exemplify the type of team we are 
preparing to meet next season. 

Gold basketballs were awarded 


to eleven members of the squad. 
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The St. Cfrancis Пат Disaster 


The prompt handling of a terrific rush of urgent calls was 
instrumental in saving the lives of hundreds of people trapped 
in the valley of the Santa Clara River during the recent flood. 
Though the telephone offres were in imminent danger of 
being swept away by the deluge, the operators stayed at switch- 
boards, transmitting warnings, and notifying the local con- 
stables to spread the general alarm. 

Lines and equipment suffered badly, and orders were 
given to spare nothing in the effort to restore service. The 
first line went down at 12:45 Tuesday morning. By noon one 
hundred repairmen were on the job, and fifteen truckloads of 
insulated «ire for temporary use had arrived in the flood area. 
As part of the day's work, two telephone men swam across а 
fifty-foot torrent of water to start repair of the San Francisco- 
Los Angeles circuits. By six o'clock in the evening all of the 
circuits on the inland route, which carry а great part of the 
telephone and telegraph load from southern California to the 
north, were restored by the use of temporary insulated wires 
laid on the ground and through water. Special telephone and 
telegraph circuits were installed to take care of the Red Cross, 
news agencies, and the Governor and his staff. 
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The Decoder 


By R. RAYMOND 
Systems Development Department 


ELEPHONE numbers in all 

| larger cities have two parts: 
an ofhce name, and a sub- 
scriber's number. In manual ex- 
changes, after the operator has heard 
the number you want, she selects 
from the many outgoing trunks in 
front of her one running to that par- 
ticular office and then gives the num- 
ber to the operator at that оћсе who 
completes the call. In dial-type of- 
fices the sender, which has been called 
the brains* of the "panel" system, 
performs the work of these two oper- 
ators. It has no difficulty in hand- 
ling the second part of the number by 
itself, but to locate the proper ofhce 
it requires help. For this it may now 
turn to the decoder, a new piece of 
equipment designed to replace the 
translator frames and pulse machines 
used heretofore. Carrying out the 
simile, the decoder could be called the 
memory of the panel system. It 
serves as a sort of card index to 
which the sender refers for the in- 
formation it requires regarding the 
routing and procedure for each call. 


* 4 Mechanical Brain, Bett LABORATORIES 
RECORD, November, 1926, p. 78. 


In the large areas using panel 
equipment, each subscriber's number 
requires seven or eight dialing oper- 
ations: three to locate the central 
оћсе, and the remaining four or five 
to locate the individual line within 
that office area. The decoder is not 
at all concerned with these last four 
numbers which through relays in the 
sender cause apparatus located in the 
called office to select successively 
the group of two thousand that in- 
cludes the subscriber being called, 
then the five hundred, the hundred, 
the ten, and finally the individual 
line. The method is not unlike the 
one you use to locate a friend when 
you walk down his street till you 
reach the building he is in, then up to 
the proper floor, down the corridor 
to the right office, and finally in to the 
individual desk he occupies. 

This simple and straightforward 
method does not prove practical, 
however, for locating the called of- 
fice because office names depend on 
the location of the office or on other 
factors that are in no way related to 
the terminating position of their 
trunks in the switching equipment. 
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The decoder itself is a collection of from 

three hundred to four hundred relays with 

а cross-connection rack; it has no power- 
driven apparatus 


The Whitehall and Washington 
Heights offices, for instance, have a 
similarity in name, as both begin with 
“WY, although there may be no sim- 
ilarity whatever in the position of 
their cable terminals in the switching 
equipment of the Chelsea othce. 


Other factors too, such as whether 
the called office is a manual or panel 
office, are independent of the office 
name but must be considered іп send- 
ing the call. In addition the equip- 
ment to locate the office trunks needs 
to be in use a shorter time than the 
equipment for calling the number, 
and all these factors make it a prac- 
tical necessity to have a translating 
device as a separate unit. Only six 
decoders are used for as many as 
four hundred senders. 

With a three-letter code to indicate 
the office there are 512 combinations 
that may be dialled, of which about 
four hundred are suitable for office 
names. The sender records the 
three sets of impulses sent out when 
the subscriber dials the office letters 
and then turns to the decoder and al- 
lows it to decode these signals and, 
as a result of the information it gains 
thereby, to pick out the proper trunk. 
After this the sender proceeds with 
the selection of the called number. 

Suppose an Ambassador subscriber 
wishes to call Bell Telephone Labor- 
atories, Chelsea 1000. А$ soon as 
the dial has been pulled three times 
to register the ofhce code, 2-4-3, 
(C-H-E) the sender attaches itself 
to any one of the decoders that is not 
then in use. This requires the simul- 
taneous connection of about fifty 
wires followed by the operation of a 
combination of relays in the decoder 
corresponding to the code 2-4-3. The 
action of this relay combination then 
operates a relay in the decoder 
known as a route relay of which there 
is one for each outgoing route to an- 
other central office or to an operator. 

Returning to the conception of the 
decoder as a card index, this particu- 
lar route relay is the card tor Chel- 
sea Ofhce or code 2-4-3 and if it were 


{274} 


a printed card, it would contain the 
following information: 

I. There is such an office and the 
Ambassador subscribers are allowed 
to dial it. 

2. here is a group of trunks 
direct from Ambassador to Chelsea 
which are to be reached by choosing 
the third brush and the first group on 
the district selector frame and then 
the second brush and the eighth group 
on the office selector frame. 

3. As Chelsea is a manual ofhce, 
the sender must transmit the called 
number to it by impulses of a kind to 
display the number (inthis case 1000) 
on lamps before the operator. 

4. Тһе office selector frame is 
very near the sender (both in Ат- 
bassador Office) and therefore in op- 
erating the ofhce selector, the sender 
must add a certain resistance to the 
circuit to make the relays operate 
properly. But Chelsea is so far away 
that no resistance should be added 
when transmitting impulses to it. 


5. Chelsea has no party lines, but 
it has numbers between 10,000 and 
10,499. Since the sender cannot tell 
whether the subscriber is going to call 
1,000 Or 10,000, it must wait a few 
seconds to give him time to dial a 
fifth numerical digit before signalling 
the Chelsea operator. But if the 
subscriber calls Chelsea 2000, it is 
not necessary for the sender to wait 
this time since there are no such num- 
bers as 20,000 and no party line sta- 
tions such as 2000-). 

6. The sender must notify the dis- 
trict selector to supply repeating-coil 
transmission, and if the call is an- 
swered to operate the Ambassador 
subcriber's message register. 

Cards for other codes might con- 
tain information that the called of- 
fice was a full mechanical one requir- 
ing a different kind of impulses to 
transmit the number. They might 
carry information that there was no 
office selector in the route or that the 
office selector was of the two-wire 


One sender unit of two senders which is assembled, wired, and tested in the factory 
and then mounted on the frame with four others by the assembler 
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variety requiring somewhat different 
treatment from the local three-wire 
office selector. They might include the 
note that there were no direct trunks 
to the called оћсе, and that it must 
be reached through a tandem ofhce. 
Some of them might convey the fact 
that the ofhce concerned may be 
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Two sender frames including twenty send- 
ers, and one connector frame in the trial 
installation in Brooklyn 


dialed by one class of Ambassador 
subscriber but not by another class. 
When the route relay operates, its 
contacts, which are interchangeably 


cross-connected, cause other relays in 
the decoder to operate, which ground 
a certain selection of the wires con- 
nected to windings of relays in the 
sender. The combination of these re- 
lays which are thus operated, records 
in the sender all that it needs to know 
to connect the calling subscriber to 
Chelsea Office. The connection be- 
tween sender and decoder is then 
broken. 

This is in brief what the decoders 
do for every call registered in the 
senders: they take the office code, de- 
code it and return full information to 
the sender. This requires about 
three-tenths of a second, and if sup- 
plied with a steady stream of calls, 
one decoder will handle 12,000 an 
hour. In practice, the calls do not 
come in a perfectly steady stream and 
to attempt to handle them at that 
rate would cause excessive delays to 
some of them. It is proposed, how- 
ever, when the maximum equipment 
of six decoders is provided, to load 
them during the busy hour at nearly 
8,000 calls per decoder. If one of 
the six should be out of service due 
to trouble, the load could still be 
handled without noticeable delays. 

When handling calls at this rate, a 
decoder which develops trouble, such 
as a break or cross in its wiring or a 
dirty relay contact, could misroute or 
fail to route a great many calls in a 
short time unless precautions were 
taken to prevent it. A so-called sec- 
ond trial feature is incorporated in 
the design of the decoder and sender 
to prevent even one call from going 
astray due to such a fault. A system 
of alarms is provided to call the at- 
tention of the maintenance force to 
any faults arising in the decoders or 
the connectors which serve as the 
link. between them and the senders 
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and to assist in locating such faults. | 

In handling each call, the decoder 
automatically tests all the wires con- 
necting it with the sender, and if a 
fault exists it refuses to proceed. It 
will also fail to proceed if there is 
any fault within the decoder itself. 
A timé-measuring device allows the 
decoder a cértain short time to com- 
plete its work on every call and if it 
does not do so in that time, it sends 
a signal to the sender to make a sec- 
ond trial. This means to disconnect 
from the decoder and try again with 
another decoder. If the second trial 
is unsuccessful, the fault must be in 
or near the sender, not in the de- 
coder, and the sender sticks without 
making a third trial. This feature 
practically eliminates lost calls due 
to troubles in the decoders or in that 
part of the connector which is near 
the decoders. 

With the old-type senders, the de- 
coding was done by means of trans- 
lator frames and pulse machines. 
Each sender had a panel-type selec- 
tor on the translator frame which 
was run up to a certain level depend- 
ing upon the office code dialed. At 
that level, it connected the sender by 
six wires to the commutators of the 
motor-driven pulse machine, which 
sent six sets of pulses in turn over the 
six wires, operating a selection of 
thirty-six relays in the sender. 

The essential differences between 
the pulse machine and decoder prin- 
ciples of operation are two. First, 
the pulse machine sender has an in- 
dividual clutch-driven selector to re- 
cord the office code, whereas the de- 
coder sender transmits the code by 
grounding a selection of leads to re- 


lays in a common decoder. Secondly, 
the pulse machine operates relays in 
the sender in successive batches by 
pulses of current of short duration, 


Three decoders of the trial installation and 
at the extreme left the decoder test frame 


whereas the decoder operates relays 
in the senders all together by cur- 
rents of more ample duration. The 
decoder equipment has no moving ap- 
paratus except relays and these are 
all furnished operating currents far 
in excess of their needs in respect to 
both volume and duration. The de- 
coder is proving successful in its trial 
installation in the Ambassador Office, 
Brooklyn, where it has been in service 
since the first of September, 1927. 
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Differential Equations and Law 


Bv THORNTON C. FRY 


Research Department 


ATHEMATICIANS and 
М lawyers both find it neces- 
sary to define curves. 
Mathematicians sometimes do it by 
the use of differential equations and 
sometimes by the use of algebraic 
equations. Lawyers always use dif- 
ferential equations. That is one dif- 
ference between the two professions. 
Another is the charge they make for 
their services; but that is beyond the 
scope of this article, which is intended 
to explain how the differential equa- 
tions used by mathematicians (and by 
lawyers) succeed in defining curves. 
I own a certain building lot. The 
boundary of this lot is a curve. From 
a strictly logical standpoint it would be 
possible to prescribe that boundary 
by giving the latitude and longitude 
of every point on it. It is true that 
there are an infinity of points and we 
could not handily make a table which 
lists them all, but we might think up 
some other scheme that would ac- 
complish the same end. We might 
say, for instance, that along one side 
of my lot the sum formed by adding 
the longitude to half the latitude was 
equal to 115 degrees. We could even 
save space by letting x represent 
longitude and y latitude and writing 
the equation 
х + Yay = 115. (1) 
This algebraic equation would accom- 
plish the same end as a table and 
would be much simpler to construct. 
The lawyers who drew the deed to 
my lot, however, did not see fit to de- 


fine its boundary in any such way. In- 
stead they first announced that there 
was a marble “monument” buried in 
the ground at one corner of it, and 
then said “beginning at this monu- 
ment proceed so many feet in a cer- 
tain direction, then so many more 
feet in another direction, and so on 
until the monument is again reached." 
This is a differential equation all writ- 
ten out in words — and it is, in ad- 
dition, a “boundary value.” 

Now these two methods of pre- 
scribing the curve in question are 
equally precise but they are essen- 
tially different. For example, the 
first method is of such a character 
that it is possible to decide at once 
whether a particular point is or is not 
on the curve without reference to any 
other point whatsoever. All that is 
necessary is to substitute its latitude 
and longitude in the equation (1) 
and this is identical in principle with 
looking them up in our hypothetical 
table of boundary points. The second 
method, on the other hand, is of such 
a nature that this cannot be done. 
To find whether a particular point 
is Or is not on the boundary it is nec- 
essary to start from the monument 
and walk in the prescribed direction 
until either we reach the point in 
question, or else are quite sure we 
never shall. In doing this, however, 
we obviously locate many other points 
of the boundary which are quite like- 
ly to be of no immediate interest. 

Mathematicians sometimes define 
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curves in this way. In other words, 
they sometimes talk about direction 
as well as latitude and longitude; and 
just as they use the letters x and y as 
abbreviations for latitude and longi- 
tude, they use у as an abbreviation 
for direction. Take, for example, 
the "differential equation" 

y =x + у. (2) 
It has nothing to do with the bound- 
ary of any lot, but it may serve to il- 
lustrate the mathematician's point of 
view. Suppose we are located at a 
point for which the latitude is 5 
(x— 5) and the longitude 4 (y — 4). 
Then this equation tells us that y' 
must be 9; in other words, it tells 
us that we should travel away from 
this point in the "direction 9", what- 
ever that may mean.* 

Suppose we obey the command and 
start out in this direction. Our lati- 
tude and longitude immediately 
change; that is, the x and y which 
must be substituted in equation (2) 
are no longer 5 and 4, but are some- 
what different and therefore give a 
somewhat different direction y. Let 
us change our direction to conform 
to this new command and proceed. 
Again our latitude and longitude 
change and because they have changed 
the command given by equation (2) 
also changes. We can imagine our- 
selves, however, traveling in a con- 
stantly changing direction in such a 
way that at all times we instantane- 
ously obey the command of equation 
(2). If we do this we shall follow a 
curved path which is said, in mathe- 
matical language, to "obey the dif- 
ferential equation (2)”’. 

It is obvious then that equation 
(2) has done for this curve exactly 


_* What it means is that we should travel 
in such а direction that the longitude changes 
nine times as fast as the latitude. 
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what the lawyers did for the bound- 
ary of my lot; it has told us in what 
direction we must travel in order to 
follow along a certain curve. 

Shifting our point of view some- 
what, it may be interesting to think 
of ourselves taking various positions 
in the plane, and nothing that equa- 
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Figure 1 


tion (2) assigns to each of these 
points a definite direction. If we were 
to take up position after position, we 
might note the direction in which we 
were commanded to proceed, and lay 
down an arrow to indicate it, thus 
producing an array of arrows some- 
what like those shown in Figure 1. 

In looking at this figure each ar- 
row tends to carry the eye to the ar- 
row next ahead of it, in such a way 
as to associate the arrows into 
groups. By beginning at any point 
A and connecting the arrows of such 
a group together, a curve is produced 
which has, at each of the points to 
which arrows are afhxed, the direc- 
tion required by (2). 

If the number of arrows is greatly 
increased the number of points at 
which the curve satisfies (2) is also 
greatly increased. In fact, by making 
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the arrows more and more numerous 
it is possible, in theory at least, to ap- 
proach a limiting curve, the direction 
of which satisfies the differential equa- 
tion at every point. It is, in other 
words, the path along which we have 
imagined ourselves to have walked. 

If, however, we were to start from 
a different point B, a different curve 
would be obtained. Obviously this 
new curve, like the old one, obeys 
(2); both are therefore ''solutions" 
of it. We could find many other such 
curves by starting from still other 
points. It follows, then, that a dif- 
ferential equation defines, not one 
curve, but many. Indeed, we could 


show that their number is infinite. 
We have now been led to the two 
most fundamental facts about differ- 
ential equations: that they define, not 
curves, but families of curves; and 
that they define them by telling, not 
positions of points, but directions of 
advance. Го sort out a single one 
of these curves it is necessary to 
specify a point of beginning, or 
"boundary value", just as, in describ- 
ing the boundary of my lot, it was 
necessary to say "Begin at the marble 
monument". Had these words been 
omitted my home might be in Cali- 
fornia or Timbuktu, so far as anyone 
could determine from the deed. 
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NEW YORK TALKS WITH PARIS 


Those pictured at the New York end of the circuit are: A. W. Page and C. P. 
Cooper, Vice-presidents of the American Telephone and Telegraph Company; W. 
Wilson of the Laboratories; Bancroft Gherardi, Vice-president, A. T. & T.; 
R. А. Heising, John Mills and R. Н. Wilson of the Laboratories; President Gifford ; 


Н. D. Arnold, В. W. Kendall and H. W. Everitt, of the Laboratories; 


John J. 


Carty, Vice-president, and E. Н. Colpitts, Assistant Vice-president of A. Т. & T.; 

В. B. Webb and A. iM. Curtis of the Laboratories; F. B. Jewett, Vice-president, 

A. T. & T. and President of the Laboratories; T. G. Miller, General Manager, 

Long Lines; O. E. Buckley of the Laboratories, and E. B. Craft, Executive Vice- 
president of the Lo nono 
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Telephone Service Opened with Paris 


service between the United States 

and France, a group of telephone 
executives and engineers on March 28 
gathered at 195 Broadway, New 
York, and talked 
with another group 
in Paris.  Reminis- 
cent of the frst 
radio - telephone 
transmission to 
Paris in 1915, 
twelve of the men 
concerned were 
present in New 
York and one was 
in Paris. 

Conversations 
took place between 
President Gifford 
and M. Maurice 
Bukonowski, Min- 
ister of Commerce 
and Industry for 
France; between 
Mr.GiffordandGen- 
eral Pershing, then in Paris; between 
General Carty and M. H. Milon, 
Chief Engineer and Director of Tele- 
phones, Ministry of Posts and Tele- 
graphs; between General Carty and 
H. E. Shreeve, and between B. B. 
Webb and Mr. Shreeve. In 1915; 
Mr. Webb was one of the talkers at 
Arlington, and Mr. Shreeve a listen- 
er at Paris; one of the first phrases 
to be understood in 1915 — “апа 
now, Shreeve, good night" — was 
part of their 1928 conversation. 

In every respect, the occasion pre- 
sented wide contrast to the demon- 
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Group at the Paris terminal 


stration of 1915. Instead of trying 
day after day to get a few words 
across, and being baffled over and 
over by interference and static, the 
two groups gathered at a prearranged 
time with well-justi- 
fied confidence that 
their conversations 
would proceed with- 
out a hitch. Nor 
was there a delay 
of two days to learn 
by cable that Paris 
had understood 
New York; the im- 
mediate response by 
telephone left no 
doubt of the intel- 
ligilibility of both 
transmissions. 

The circuits used 
last month were 
those of the regular 
transatlantic radio 
system between New 
York and London. 
At London connection was made with 
cable circuits recently constructed 
both overland and across the Channel. 

Telephone service is available be- 
tween American subscribers in gene- 
ral, and subscribers throughout Great 
Britain as well as in Paris and in 
fourteen principal cities of continental 
Europe. Thus the American tele- 
phone subscriber has at his elbow not 
only the eighteen million telephones 
connected to the Bell System, but 
1,385,000 telephones in adjacent coun- 
tries of North America and three 
million telephones in Europe. 
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Phonograph Records of Heart Sounds 


By D. G. BLATTNER 


Research Department 


ITH the development of 
the electrical stethoscope* 
we took great pride in the 


fact that the most skillful physician 
was brought to the bedside of the 
most isolated patient. А striking 
demonstration of this was the tele- 
photic transmission of a stethogram 
of a New York patient to Dr. Greer 
in Chicago, who correctly diagnosed 
the case and prescribed the proper 
treatment to the American Medical 
Association in convention in Atlantic 
City. Having already annihilated the 
lesser distances which separated the 
collective ears of a medical class 
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from the patient's chest — the orig- 
inal purpose of the electrical stetho- 
scope — our attention turned to the 
annihilation of time as well, so that 
both student and practitioner might 
auscultate a patient whose case his- 
tory had long since been closed. Dr. 


* BELL LABORATORIES RECORD, Oct., 1925, f. 41. 


Cabot, Dr. Gamble, the Columbia 
Phonograph Company, and Bell Tel- 
ephone Laboratories in cooperation 
began experimenting with the record- 
ing of various types of abnormal 
heart sounds* by means of the elec- 
trical stethoscope. Now, after two 
years of effort, a library of a dozen 
or so records of the more usual types 
of abnormalities are being released 
for sale through the Columbia Phon- 
ograph Company. 

His heart sounds having once been 
recorded, a patient may be spared 
even the slight fatigue of further ex- 
amination for instruction purposes. 
More important, however, is the fact 
that clinical patients of every type of 
abnormality are not always available, 
so that in the past the instruction of 
many student physicians has been in- 
complete. Now not only can the in- 
struction be more complete in regard 
to types of abnormality but also it 
can be arranged in such a way as to 
produce the most definite and lasting 
impressions. 

While heart sounds were recorded 
on phonograph records two years 
ago, satisfactory reproduction from 
the records at that time was possible 
only through the use of apparatus 
that was costly and not widely avail- 
able. Commercial phonographs 
would not reproduce the important 
low-frequency vibrations in the heart 
sounds, so that an electrical repro- 


* BELL LABORATORIES RECORD, Dec., 1925, $. 162. 
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Recording the heart-sounds of a patient. Comments of the physician are recorded at 
the same time by means of the microphone 


ducer had to be used. There was no 
objection to this apparatus from the 
standpoint of reproduction, but the 
electrical system with its vacuum 
tubes and filters was and is far too 
expensive for any very widespread 
use. In order that students and 
physicians all over the country could 
take advantage of the phonograph 
records of heart sounds some simple 
device was necessary. 

This meant that a special pick-up 
device must be developed having 
suitable characteristics and yet of 
small enough cost so that one could 
be included with each group of rec- 
ords sold. Other requirements, aside 


from cost, availability, and faithful- 
ness of reproduction, were that it 
must be relatively free from surface 
noise incidental to dragging a needle 
through the groove of a phonograph 
record. Also, the sound should pass 
to the ear of the user through an 
acoustic stethoscope so as to dupli- 
cate the tone quality that he may be 
accustomed to hearing in practice. 
The final form developed to meet 
these requirements is shown in the ac- 
companying photograph. Since the 
heart sounds are largely of the na- 
ture of transients it is necessary that 
the pick-up be heavily damped if not 
aperiodic. This is accomplished by 
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means of a rubber diaphragm and by 
the damping action of the finger-tips 
which serve as the pivot of the needle 
arm. 

In using the device the listener 
places one of the records on any 
phonograph turntable available, at- 
taches the pick-up device to the ear- 
pieces of his acoustic stethoscope and 
holds it to the part of the record that 
may be of interest to him. Such vol- 
ume adjustment as is necessary is ob- 
tained by means of the adjustable 
clamp shown in the picture. 

While the group of records now 
available covers the more usual types 


of abnormalities of the heart it is in 
a sense still very incomplete. Who, 
for instance, can estimate the import- 
ance of having a record of the sound 
of a normal human heart between the 
periods of the cradle and the grave? 
or of the progressive development of 
a particular case of abnormality? Of 
what importance might not records, 
covering a period of time, be in de- 
termining the effectiveness of different 
forms of treatment for a given type 
of abnormality? It is probable that in 
years to come records of these and 
other sounds will be found as a reg- 
ular part of each physician's library. 


A student listening to heart-sounds by means of the pick-up 


device 
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Amplification Behind the Talking Movies 


By H. A. DAHL 
Apparatus Development Department 


USICAL  accompaniment 
synchronized with motion 
pictures but without an 


orchestra in the theatre was made 
possible a few years ago by develop- 
ments in Bell Telephone Labora- 
tories. Success greeted the first dem- 
onstration of this achievement and 
since then its use has become more 
widespread every year. The first 
commercial development used a disc 
phonograph record rotated in syn- 
chronism with the film passing 
through the picture-projection ma- 
chine. Music picked up from the 
record with ordinary acoustical ap- 
paratus would not have sufficient vol- 
ume to fill a theatre, so an electrical 
reproducer is used which enables an 
amplifer between it and the loud 
speakers to increase the feeble repro- 
ducer currents to values that will 
produce a volume of sound equivalent 
to an actual accompanying orchestra. 
In another development the music is 
recorded on a film which is run 
through reproducing apparatus also 
operated in synchronism with the pic- 
ture projector, but here too the re- 
production is electrical and requires 
considerable amplification. 
Apparatus required for this ampli- 
fication is one of the major parts of 
the equipment. The early installa- 
tions used amplifiers which were 
available at the time and although 
designed for other purposes would 
give satisfactory amplification. Sub- 
sequent improvement in amplifying 
technique, however, has made im- 
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provements possible, particularly by 
eliminating the rather extensive bat- 
teries required by the older ampli- 
fiers, which are objectionable from the 
standpoint of maintenance in com- 
mercial theatre installations. 

With the object of producing 
equipment which embodied exactly 
the features required for this ser- 
vice a new amplifier system was de- 
signed. This is made in units so that 
a suitable selection of the units may 
be made to obtain the proper volume 
of sound for the different sizes of 
theatres to be accommodated. These 
amplifiers, shown mounted on a rack 
in the accompanying photograph, are 
the 41-A, 42-А and 43-A. Power 
supplies required for their operation 
are of the simplest possible type. 
Only a small capacity twelve-volt bat- 
tery and a 110-volt alternating cur- 
rent supply are necessary. 

Over one-half the total amplifica- 
tion of the system is produced by the 
41-A amplifier which raises the en- 
ergy level of the reproducer to a vol- 
ume suitable for the operation of a 
power amplifier. Essentially it is a 
three-stage resistance-coupled circuit 
using 239-A tubes in each stage. 

In any high-amplification system 
such as this, the vacuum-tubes in the 
first and second stages are very sen- 
sitive to external disturbances. Slight 
jars or knocks or even air currents 
impinging on the tubes are converted 
into electrical impulses which are 
carried through the amplifier to the 
loud speakers, where they appear as 
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grating sounds. In the 41-А ampli- 
fier special precautions are taken to 
prevent this. The three vacuum-tube 
sockets are each mounted on a sep- 


239-A 


volt battery. Plate potential is ob- 
tained from the 42-A amplifier at 390 
volts which is reduced by resistances in 
the plate circuit of each stage so that 
in no case is more than 
one hundred volts ap- 
plied to the plate. In 
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conjunction with these 
resistances are con- 
densers which act as 
filters to smooth out 
more perfectly for 
these sensitive first 
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Schematic of 41-4 Amplifier 


arate piece of sponge rubber which is 
fastened to a heavy steel plate. This 
plate in turn is suspended on sponge 
rubber mountings. The method of 
suspension here em- 
ployed, which is called , 
the inertia type, was 
evolved after an exten- 
sive series of tests. 
The sponge rubber be- 
neath each tube socket 
prevents the higher 
frequency disturbances 
from reaching the 
tube, and the heavy 
plate suspension, be- 
cause of its inertia, fil- 
ters out the lower fre- 
quency disturbances. 
The filaments of the 
three tubes, which re- 
quire a quarter of an 
ampere current, are 
connected in series and 
supplied by a twelve- 
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stages the rectified 
plate supply from the 
42-A amplifier. 

A key turns off or 
on the filament current 
and a rheostat allows 
adjustment of the cur- 
rent strength which is read on the 
milliammeter provided. Plate current 
for each stage may be determined 
by pushing a key associated with each 
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FiL PLATE SWITCH 


POS. I-FIL. АВ & OE ARE CLOSED 
POS. 2-PLATE-ABC& DEF ARE CLOSED 
POS. 3-OFF -AB & DE ARE OPEN 


Schematic of 42-4 Amplifier 
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tube, which connects a second milliam- 
meter into the circuit. Two volume 
controls are provided. ‘The dial in 
the upper left-hand corner of the 
panel affords a control of sixty-six 
TU in steps of three TU each, and a 
key located beneath the vacuum-tube 
cover, marked Key 4 on the diagram, 
can be set to produce an attenuation 
of fourteen TU. 

The 42-A amplifer is a single- 
stage push-pull power circuit employ- 
ing 205-D vacuum-tubes. It is oper- 
ated entirely from an alternating 
current source and consumes about 
eighty watts. Four vacuum-tubes are 
used: two as amplifiers, and two as 
rectifiers for the plate potential of 
four hundred volts. The only con- 
trol provided on this amplifier is a 
snap switch for connecting the alter- 
nating current supply. In starting, 
this switch is turned to the first posi- 
tion which lights the filaments only. 
After they have had time to warm 
up, the switch is advanced to the 
next position which places the ampli- 
fier in operation by applying poten- 
tial to the plates. "This procedure 
reduces the strain on the vacuum 
tubes which would occur if the high 
voltage were applied while the fila- 
ments were still cold. 

The 41-A unit gives an amplifica- 
tion of one hundred times or forty 
TU, and the 42-A of eighteen times 
or twenty-five TU additional. The 
latter has sufficient capacity to serve 
as the final power amplifier where 
the location requires only a moderate 
volume. Where greater volumes are 
found necessary they may be ob- 
tained by using two 42-A units in par- 
allel or by adding the third unit of 
the series, called the 43-A. 

This last unit of the series is also 
a single stage push-pull power ampli- 


41-4, 42-4, and 43-4 Amplifiers mounted 


on a rack 


fier, but uses 211-E tubes. It also is 
operated entirely by alternating cur- 
rent and consumes about three hun- 
dred watts. Its circuit is similar to 
the 42-A except that 211-E tubes 
are used with a plate potential of 
eight hundred volts. Behind the 
sheet metal container on the front 
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of the panel аге the filter condensers 
connected in the rectifier circuit. 
They may be examined and repaired 
by removing the hinged cover. 

This unit produces an amplification 
of six times or fifteen TU, which 
makes the three units combined yield 
an amplification of ten thousand 
times or eighty TU. The 43-A am- 
plifier has sufficient capacity for lo- 
cations where considerable volume is 
required. To obtain even greater vol- 
umes for distribution through very 
large theatres two of the 43-A am- 
рПһегв may be used in parallel. 

In the Vitaphone system the input 


terminals of the 41-A amplifier are 
connected to a “fader” which is used 
to transfer the amplifier system from 
one reproducer to another at the end 
of each record. Two projection ma- 
chines are operated side by side so 
that while the record used with one 
is being changed, the other is in use. 
The output terminals of the last am- 
plifier unit are connected to a receiver 
control panel which permits a selec- 
tion of the receiver desired and also 
permits the volume of each to be ad- 
justed. The complete assembly on 
the rack as shown makes a conven- 
ient and easily operated outfit. 
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(communication: A Force in Intellectual Evolution 


The intellectual evolution of the individual may have come to 
an end but whether or not this is true, 1t is certain that the intel- 
lectual evolution of groups of individuals 1s only at the beginning. 
Progress along this pathway 1s vitally dependent upon the work 
of the engineer, for the perfection of all forms of communications 
and transportation is essential in order that this new superorganism, 
human society, shall achieve its destiny. 

The use of the spoken word to convey ideas distinguishes man 
from all other created things. It is the function of the engineer to 
provide for the extension of the spoken word by means of elec- 
trical systems, serving to connect the nervous system of each unit of 
society with all of the others, thus providing an indispensable ele- 
ment in the structure of that inconceivably great and powerful or- 
ganism which it 15 believed will be the ultimate outcome of the mar- 
velous evolution society 1s to undergo. 

The ideals of the engineer will not be realized until man has 
achieved his destiny in that social organism which is foreshadowed 
“with its million-minded knowledge and power 10 which no bar- 
rier will be insurmountable, no gulf impassable, and no task too 
great? 

—From an address delivered by Gen. John J. Carty upon receiving 


the John Fritz Medal. 
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Spectrographic Analysis 


By EARLE E. SCHUMACHER 


Research Departmemt 


HEMICAL analyses both 
o qualitative and quantitative 

are required daily of the 
Chemical Department of Bell Tele- 
phone Laboratories. Standard meth- 
ods in some cases are slow, difficult, 
and costly, particularly when applied 
to the determination of impurities 
present in small amounts. A shorter 
method is available, however, as it 
has been satisfactorily demonstrated 
in recent years that many of the more 
dificult analyses can quite easily be 
made spectrographically. This meth- 
od is frequently used therefore, and 
for such work the Laboratories are 
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equipped with a Hilger Quartz Spec- 
trograph, shown in the illustration. 

When an electric spark passes be- 
tween two electrodes the intense 
heat developed vaporizes and brings 
to incandescence a small amount of 
the electrode material. If the elec- 
trodes were composed of a single el- 
ement the radiations would contain 
only a limited group of wave lengths 
characteristic of that element. In 
this respect the spark radiation dif- 
fers from that of the sun which con- 
tains all wave lengths. Оп this in- 
dividuality of radiation of each ele- 
ment spectrographic analysis is based. 
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A. Н. Staud in charge of the quartz spectrograph taking a spectrogram. Light from 
the arc on the left passes through the focussing lens onto the slit through which it 


passes to be reflected at right angles toward the front end of box. 


Here is mounted 


the prism which spreads out the spectrum and reflects it back to the photographic 
plate projecting above the case at an angle in the rear 
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Substances to be identified аге 1оп- 
ized in the electric spark and their 
light, after passing through an op- 
tical system consisting of lenses and 
a prism, is finally photographed. In 
passing through the prism the light 


SPARK 


L, L2 QUARTZ LENSES 

S=SLIT 

P=PHOTOGRAPHIC PLATE 

Q,=QUARTZ PRISM (TOTALY REFLECTING) 
Q,=QUARTZ PRISM 


Fig. 1—Diagram of the Hilger Quartz Spectrograph 


waves are bent through angles de- 
pendent upon their individual wave 
lengths and are recorded on a sensi- 
tized plate as a series of bright lines. 
The relative position of each line cor- 
responds to the wave length of the 
ray producing it and thus each ele- 
ment produces a spectrogram show- 
ing a definite апа individual set of 
lines. Distances between spectral 
lines are measured with a compara- 
tor, a precise instrument that enables 
the position of all the sensitive lines 
shown in a spectrogram to be com- 
pared to those of any known element 
merely by making the required micro- 
meter settings. 

Since the most sensitive spectral 
lines for the majority of the ele- 
ments are located in the ultra violet 
region the optical system is made of 
quartz which is transparent to these 
radiations, instead of glass which 15 
opaque to them. The electrodes are 


generally made of the sample to be 
analyzed; but when a case arises 
where this is not possible, graphite 
electrodes impregnated with the un- 
known material are used. 

If the presence or absence of any 
element in a test sam- 
ple is tobe determined, 
spectrograms of the 
sample and of the ele- 
ment sought are photo- 
graphed side by side. 
/ After the plate has 
/ been developed the ге- 
sults are obvious. If 
the spectral lines of 
the known element con- 
tinue through the spec- 
trogram of the sample, 
the presence of that 
element is established. 

An accompanying il- 
lustration shows the 
application of this scheme to an un- 
known alloy which was thought to 
be composed of copper and gold. 
The spectra of copper, gold, and the 
unknown were taken in juxtaposition 
with the spectrum of the unknown 
placed between the other two. It can 
be readily seen that the lines of the 
copper and gold spectra also appear 
in the spectrum of the unknown 
which proves conclusively the pres- 
ence of these two elements. 

Among the practical qualitative 
applications of spectrographic anal- 
ysis is the identification of the ele- 
ments in a material when only a small 
amount is available. All large con- 
cerns are continually receiving small 
samples of materials bearing queer 
names such as dreamium, dubium, or 
miraculum. These materials are sup- 
posed to have certain remarkable 
properties upon which the inventor 
has high hopes of capitalizing. With- 
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Fig. 2—Spectrogram of copper (at top), gold (at bottom), and an unknown alloy of 
copper and gold between them 


out undue exertion or expense a spec- 
trogram will usually tell quickly if 
the material is something new or 
simply an old model newly labelled. 

Another application is the identifi- 
cation of the elements in a valuable 
specimen without destroying it. The 
specimen itself is used as an electrode 
and the momentary spark necessary 
to make the spectrogram does not 
vaporize an appreciable part. Where 
alloys of different composition but 
similar appearance are handled in the 
same stockroom the supplies occa- 
sionally become mixed.  Spectro- 
graphic analysis is particularly ap- 
plicable in such a situation as it of- 
fers a rapid and simple method of 
identification. 

Quantitative analysis is also pos- 
sible to a certain extent with the spec- 
trograph because up to a given per- 
centage, different for each element, 
the intensities of the characteristic 
lines of an element are proportional 
to the relative amount of it in the 
substances. If one element occurs 
in another as a slight impurity only, 
none but the most sensitive charac- 


teristic lines of the impurity will ap- 
pear in the spectrum. As the amount 
of the impurity increases new and less 
sensitive lines appear and the old 
lines become more intense until the 
whole spectrum is visible. Generally 
impurities ranging from .003% to 
1.0% of the whole can be determined 
quantitatively by this method. The 
procedure is to photograph the un- 
known on the same plate with a 
graded series of knowns. With a 
microphotometer to measure the rel- 
ative brightness of the lines, the un- 
known can be easily placed. 

Figure 3 shows the spectra of a 
graded series of lead-tin alloys con- 
taining from о.о to 1.9796 antimony. 
As the antimony content increases the 
antimony lines are seen to become 
more intense. With a microphoto- 
meter, any unknown quantity of an- 
timony in lead varying from o.o to 
1.97% can be readily determined by 
comparing the spectrogram of the un- 
known with those of the graded series. 

Spectrographic analysis is extra- 
ordinarily sensitive; authorities state 
that quantities as small as one three- 


Fig. 3—Spectrogram of a graded series of lead-antimony alloys containing increasing 
amounts of antimony (given in percent at the left). The spectra of antimony апа 
lead were taken as references. The two most sensitive antimony lines are marked 
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millionth of a milligram of sodium, 
one one-hundred-thousandth of a mil- 
ligram of lithium, or six one-hundred- 
thousandths of a milligram of stron- 
tium or calcium can be easily de- 
tected. Practical quantitative appli- 
cations of the spectrograph include 


the determinations of small quanti 
ties of almost all the elements. It 
Is an interesting fact that the spec- 
trographic method becomes more 
precise as the proportion of test ele- 
ment decreases, while the wet ana- 
lytical method becomes less precise. 
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The Laboratories Take to the Air 


ITH the delivery of an air- 
plane and the addition of 
a pilot, to its staff, the La- 


boratories have taken two definite 
steps in the recently-announced pro- 
gram of radio development for avia- 
tion. The plane is a cabin monoplane 
built by the Fairchild Airplane Man- 
ufacturing Corporation; the pilot is 
A. R. Brooks, formerly a captain in 
the Air Service. 

Taking form in a broad study of 
radio transmission between ground 


A. К. Brooks, pilot of the Laboratories 
plane 


and planes, the field investigation will 
first concern itself with the effective- 
ness of various types of antennas, and 
with the effect on transmission of the 
plane’s height above ground. In this 
work, the Laboratories’ experimental 
station at Whippany, New Jersey, 
will be used for transmission. Devel- 
opment in the laboratory is already 
well advanced on the necessary trans- 
mitting and receiving apparatus and 
tests in the air will shortly begin. The 
experimental work will be carried on 
by the radio development group, un- 
der the leadership of E. L. Nelson. 

Since aids to navigation are an out- 
standing need of commercial aviation, 
one of the problems to receive early 
attention will be the development of 
a system by which the pilot can de- 
termine his bearing from various 
points on the ground. Means for the 
transmission of weather bulletins and 
other information to planes will also 
be developed. 

The plane is one designed to acco- 
modate five persons. The seats for 
passengers have been omitted, and in 
this space will be installed receiving 
apparatus and a field-strength meas- 
uring set. The electrical system of 
the plane will be carefully shielded to 
avoid interference from the engine's 
ignition circuits. Lamps and flares 
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The Fairchild plane to be used by the Laboratories for aerial communication research 


have been provided to permit night 
flying. Initially, the plane will be 
based at Hadley Field, where hangar 
and laboratory space has been en- 
gaged. This is within a few minutes 
by air of the laboratory at Whippany. 

Captain A. R. Brooks, the first 
man to be engaged by the Labora- 
tories as an aviator, has had a dis- 
tinguished career in the United 
States Army. Graduating from Mas- 


sachusetts Institute of Technology in 
1917, he was about to enter these 
Laboratories when the World War 
claimed him. During his service in 
France, Captain Brooks was officially 
credited with destruction of six enemy 
planes. He is the holder of the 
D.S.C. and of several citations. Since 
the Armistice he has been identified 
with military instruction in aeronau- 
tics, and with commercial aviation. 


av 


There are now available for members of the Laboratories 


sets of personal financial records in booklet form. 


These 


records supplement the A. T. & T. income and expense record 
which has been available to members of the organization for 


some years. 


They are especially intended for those who do 


not keep a detailed expense account, but who wish to de- 


termine their financial status at intervals. 


Copies of these 


records may be obtained by applying to the Employee Service 
Department, Section 1-H, Extension 435. 
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Rotary File Type Information Desk 


By V. I. CRUSER 
Systems Development Department 


OUR chief concern as you 

\ hold the receiver to your ear 
after having asked for “In- 
formation" is that you find out what 
you want to know as quickly as pos: 
sible. Probably you do not give a 
thought to the facilities that must be 
available to enable the operator to 
give the information with the least 
possible delay. Until the new In- 
formation desk, briefly referred to as 
the Number 2, had been designed 
operators at information desks used 
books much like the larger city di- 
rectories, which were kept in a book 
rack upon the desk top, and in which 
were printed the latest addresses and 
telephone numbers of the subscribers. 
Due to the rapid growth of telephone 
service in recent years, it became nec- 
essary in the larger cities to print 
daily supplements and to reissue the 
entire book frequently in order to 
have it up-to-date. Studies indicated 
that to keep records in rotary type 
files would overcome a number of the 
difficulties previously encountered ex- 
cepting in the very largest cities. 
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Fig. 1—Floor plan whereby each operator can reach five files 


SUPPLEMENTARY FILE TABLES 
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Each section of the No. 2 Desk 
is arranged for a single operator. 
The front part of the keyshelf is a 
narrow writing space; behind this are 
the trunk keys, depressed in a trough 
to prevent accidental operation. Each 
keyshelf is arranged for fifty-two 
trunks incoming from various central 
ofhces through which the inquiring 
subscribers may be connected to ‘‘In- 
formation." A signal lamp and a 
listening key are provided for each 
trunk by which the operator may 
know when a call ts on the trunk and 
connect her headset into the circuit. 
The same set of fifty-two trunks are 
connected in multiple to several 
positions; if trafic is heavy as many 
as eight operators may be required, 
while late at night or at other times 
when traffic is light, all but one or 
two operators for each set of trunks 
may be excused. 

Just in the rear of the keyshelf, 
within easy reach of the operator, a 
rotary file is placed on each section. 
The section was designed for a file 
approximately thirty inches in diam- 
eter and twenty-six 
inches high. A file of 
this size has a capa- 
city, somewhat depen- 
dent on its make, of 
approximately 75,000 
listings, but in a dis- 
trict of a large city 
served by a centralized 
information desk 
there may be as many 
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The new information bureau at Cleveland 


а$ 200,000 or even 300,000 subscrib- 
ers. Since it was considered essential 
to have all listings before each oper- 
ator, some way had to be devised to 
give each operator access to several 
files. The result was the so called 
"staggered" line-up. The positions are 
arranged side by side but alternately 
facing opposite directions. The key- 
shelf of each section is indented 
slightly between the rear of the two 
adjacent positions. In this way each 
operator has three files of the rotary 
type within easy reach: one on her 
own section in front of her, and 
one on each side of her on the ad- 
jacent sections. A glance at the pho- 
tograph of Cleveland's new informa- 
tion bureau will help to give a clear 
picture of the arrangement. 

Names, addresses, and telephone 
numbers of the subscribers are 


printed on cards which slide in the 
many radial leaves of the rotary file. 
A space 1/6" wide and about 5" long 
is provided for each subscriber. It 
is evident that, since one file is com- 
mon to three operators, more than 
one of them may wish to use the same 
file at a time. In order to reduce the 
liability of interference double-tier 
files are used. They are made with 
two circular frames for the leaves, 
one above the other, each rotating in- 
dependently so that one operator may 
use the upper part while another uses 
the lower part without interference. 

When more than three files are re- 
quired for the information cards, 
rotary files on a supplementary table 
placed at the rear of each desk afford 
the operator access to two additional 
files. At Cleveland only the three 
file arrangement is used but the floor 
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“Information” getting the information 


plan shown as Figure 1 illustrates the 
five-hle arrangement. 

Since subscribers’ addresses are 
ever changing, and since the informa- 
tion bureau is the one place which 
must have the new addresses almost 
before the telephones have been con- 
nected, some rapid means is required 
to furnish the information in a form 
for the files. To accomplish this an 
attachment is supplied for use with 
an ordinary typewriter which, in place 
of typing on paper, prepares a stencil 
of thin sheet aluminum. These sten- 
cils, in turn, are used with a simple 
duplicating machine to produce any 
desired number of clean-cut prints 
on file cards. The machines are easily 
operated and a typist with no special 
ability can have the new address of 
a subscriber in all files a few minutes 


after the information is received. 

Each group of eight operators at 
the Number 2 Information Desk is 
placed directly under the jurisdiction 
of a supervisor whose duty it is to see 
that all requests for information are 
dispatched efficiently and to answer 
any calls of a complex nature which 
would take up too much of an 
operator's time to complete. Provi- 
sion is made so that the supervisor 
may be called, both by a bell and a 
visible signal, to any of the operators 
who wish to ask her a question or to 
have her complete a call personally. 
The supervisor's circuit is so arranged 
that after she has picked up a call by 
plugging into a set of jacks, the op- 
erator who originally answered the 
call is free to handle any other un- 
answered calls. 
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Because of the fact that a great 
many of the incoming calls are for 
information other than that which 
the operators are equipped to give, 
the supervisor is kept particularly 
busy. She may be asked whether 
Mrs. Brown has moved into her new 
home, or what is the telephone num- 
ber of the man who lives opposite 
Mr. Smith? Many queries such as 
these she may not be able to answer, 
but in any case she must make sure 
that the subscriber puts the receiver 
on the hook without dissatisfaction. 

Another feature has been incor- 
porated in this new desk which is 
of general interest. There are al- 
ways apt to be moments when calls 
come into the information desk faster 
than the operators there can handle 
them. As each call arrives a signal 
lamp lights but if several calls have 
come in while the operators are busy 
there is no way of distinguishing 
those that came in first, and should 


for that reason have attention first. 

To avoid this difficulty and to make 
sure that each call will be given at- 
tention in the proper order a flashing 
circuit has been developed which 
flashes the signal lamp to show that 
the call has been waiting. When the 
call first comes in the signal lamp 
burns steadily. After a short inter- 
val, the duration of which is adjust- 
able, the lamp starts flashing at the 
rate of sixty flashes per minute. 

The next time you ask for “In- 
formation, please" try to visualize 
what is taking place at the informa- 
tion desk. See the operator catch a 
glimpse of a lighted trunk lamp, see 
her flip the trunk key so that she may 
tell you that she is ready to help you; 
see her twirl one of the files around, 
pick the particular leaf, spread the 
leaves at that point, and run her 
finger up to the name of the particu- 
lar person whose number you want 
— all this in a few seconds. 


Does Business Want Scholars? 


Writing under this title in Harper’s Magazine for May, 
Walter S. Gifford discusses the results of a study of the cor- 
relation between scholastic attainments and business success. 
College records of some 3800 graduates within the Bell Sys- 
tem were compared with their subsequent business records and 
it was found that scholastic success in college showed a marked 
correlation with later success in the Bell System. For instance, 
of those in the first tenth as to salary, seventeen per cent came 
from the highest tenth of their classes, while only four and 
one-half per cent came from the lowest third. The article has 
received a number of favorable comments in newspapers. 
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Life [nsurance Protection 


By J. F. MORAVEC 


Commercial Manager and General Auditor 


RECENT conversation with 
A a member of the Labora- 
tories brought to light this 

story of one man’s experience. 

“Less than a year ago I purchased 
a home in which my equity is rather 
small. A goodly part of my mort- 
gage is payable over a period of about 
seven years and this had me consider- 
ably worried. Of course, I can meet 
the obligations as they become due, if 
I stay on the job; but I worried be- 
cause, should I die, my wife and the 
children would be burdened with a 
debt of large proportions with no 
means of liquidating it. I had given 
some thought to additional life insur- 
ance, for I carry only a little, but dis- 
missed that idea because of the cost 
which I felt I couldn't afford. 

"With the introduction of the Pay- 
roll Deduction Plan for insurance, 
the salary deduction feature appealed 
to me and I arranged to see Mr. 
Bunting about my problem, but with 
no great hope of finding a solution. 
Imagine my agreeable surprise, there- 
fore, when I learned through him of 
a form of policy just suiting my case 
and costing comparatively little for 
the protection offered. This is a spe- 
cial ‘term policy’ for the period of 
my mortgage which decreases in prin- 
cipal as well as in premiums as I 
make payments on the mortgage. I 
have that policy and worry no more. 
Should I drop off during the next 
seven years, my family will obtain 


the free and clear title to our house. 

“Т am getting on in years and am 
now trying to do what should have 
been done earlier, that is, get to- 
gether some little estate for my fam- 
Пу. I feel confident that if the plan 
for insurance which is offered us to- 
day, with the opportunity of free 
and intelligent discussion of the vari- 
ous forms of protection and with its 
easy payment features, had been 
available to me 23 years ago when I 
first joined the Company, (and that 
is on the supposition that I would 
have been foresighted enough to sub- 
scribe to it) I would now have suffi- 
cient protection for my family at con- 
siderably less cost and with very much 
less worry. 

"Another thing, — it is only within 
the last few years that I have come 
to fully appreciate the advantages to 
me of the A. T. & T. Stock Plan. 
While I have always subscribed for 
a few shares, I sold them for profit 
and now have neither profit nor sav- 
ings to show. I am now subscribing 
to the limit permitted under the plan 
and later this year when my present 
shares are fully paid for, the certifi- 
cate will go at once to my strong box. 
At the same time, a new subscription 
for my limit will be filed. Had I done 
that from the beginning, I would be 
‘sitting pretty’ now." 

These are the views of one of our 
associates, who after a discussion of 
several business matters drifted into 
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a general discussion of the thrift 
plans made available to us. 

It is unnecessary to point out the 
moral in the foregoing. It is, how- 
ever, a story worth repeating, for it 
illustrates the adaptability of life in- 
surance to individual needs. 

From numerous comments that 
have come to me, it would seem that 
most of us agree that life insurance 
takes first place in, and is an indis- 
pensable part of, our individual thrift 
programs. If that is true, have we 
taken steps to make it effective? Have 
we given thought to and have we 
selected the kind of insurance that 
best meets our requirements? Many 
factors enter into the making of this 
decision. Such considerations as mar- 
ital status, age, amount we can spend 
on premiums, amount of insurance 
wanted and whether we want insur- 
ance for protection or primarily for 
investment are all important. To 
help us in these considerations, Mr. 
Bunting who is an expert in such mat- 
ters is always available for consulta- 
tion and advice in selecting the kind 
of policy which will "fill the bill." 

If we are looking primarily for 
protection, the type of policy best 
adapted to the needs of most of us 
is "ordinary life." While “term in- 
surance" is the cheapest protection 
that can be bought, it should be bought 
only in unusual cases where for a brief 
period it is essential to obtain the 
maximum protection at minimum out- 
lay. Term insurance does not pro- 
vide permanent protection but auto- 
matically expires at the end of a lim- 
ited period unless converted into 
some form of permanent insurance. 
Premium payments on term insurance 
do not build up a reserve cash value 
as under permanent policies, and if 
converted the advantage of original 


age is lost as the premiums on the 
permanent insurance will be based on 
age at the time of conversion. 

Thus, where permanent protection 
at the lowest premium rate is wanted, 
the ordinary life policy seems best. 
This is often referred to as “whole 
life" or "straight life" insurance be- 
cause it provides for payment of 
the full face amount upon the death 
of the insured in exchange for uni- 
form premiums throughout life. 
It also combines a considerable 
amount of saving, since after the 
first year the policy has a cash value, 
increasing from year to year, which 
the insurance company will lend to 
the insured at interest or рау to him 
if the policy is cancelled. If one 
wishes to avoid payment of premiums 
throughout life, dividends may be al- 
lowed to accumulate with the insur- 
ance company, thus producing a fully 
paid up policy in about twenty-one 
years. Of course, payment of face 
amount 15 still deferred until death; 
but premium payments are no longer 
made and yearly dividends continue 
to accrue and may be withdrawn in 
cash. 

Of numerous special features which 
have been added to life insurance 
policies in recent years, none, perhaps, 
is more deserving of mention than 
the provision of disability benefits. 
For a small additional charge, the 
insurance company, in case of disabil- 
ity before age 60, will pay disability 
benefits at the rate of ten dollars a 
month for each one thousand dollars 
of insurance and will waive all premi- 
um payments during such disability. 
Payments for disability leave unim- 
paired the death claims of the policy 
plus any accumulated and unpaid divi- 
dends. Many persons become dis- 
abled for a considerable period pre- 
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ceding death. So far as the family 
budget is concerned, a protracted ill- 
ness resulting in death is more serious 
than the sudden demise of the bread- 
winner. Ín many instances lingering 
disease renders the insured incapable 
of earning anything for many months, 
sometimes for several years. During 
this time heavy expenses are often 
incurred for professional services, 
and in other ways. We are quite apt 
to think that no such catastrophe will 
overcome us. But should we take the 
chance? The disability clause added 
to an ordinary life policy may prove 
to be of inestimable value. 

Ordinary life contracts are also 
written, upon payment of a small ad- 
ditional charge, to provide death 
benefits of double the face amount 
of the policy in case death results 
from bodily injury. This is a desir- 
able feature at small cost, particular- 
ly in cases where no accident insur- 
ance is carried. 

For those of us who wish to be 
relieved of premium payments after 
attaining a certain age, probably the 
limited. payment type of policy will 
have a greater appeal. This type of 
policy is identical with the ordinary 
life policy except that instead of pay- 
ing premiums for life, one pays them 


for a limited period of 10, 15, 20, 25 
or 30 years. At the end of the speci- 
fied period, the policy becomes paid 
up for its full face value and con- 
tinues to share in dividend distribu- 
tion. For the longer periods, the 
limited payment policy is not much 
more expensive than the straight life 
and is well worth considering for 
those who can afford to pay a little 
more per year. Without sacrificing 
protection during one's productive 
years, it affords one means of ас- 
cumulating an income-producing in- 
vestment for the later years of life. 

In all the foregoing, I have only 
scratched the surface of a subject 
which deserves the careful considera- 
tion and study of everyone. There 
are many points which I have not 
covered at all, and many which I have 
barely mentioned. However, we have 
with us Mr. Lloyd H. Bunting who 
is eminently fitted to assist us in work- 
ing out our insurance problems. Mr. 
Bunting is the authorized agent of 
the Equitable in charge of this insur- 
ance plan and I recommend him to 
you as the proper one to whom you 
should go for advice on insurance and 
to make your purchases under this 
plan. He is located in Room 144, 
Extension 264. 


It is with regret that me record the death of a friend and 
а valued member of пиг Technical Staff: 


Farry Raymond Knettles 


radio engineer 
Berember B, 1895—A pril 12, 1928 


Associate nf the American Institute of £lertrical 
Engineers and of the Institute of Radio Engineers; 
for several gears identified mith the creation of 
the New York-London radio telephone circuit 


News 


THE AMERICAN TELEPHONE AND 
TELEGRAPH COMPANY has purchased 
the entire block front on Church 
Street, between Walker and Lis- 
penard Streets, adjoining their pres- 
ent Walker-Lispenard building. 

INCLUDED in the program of the 
Student Branch Convention of the 
New York Section of the A. I. E. E. 
was a trip through the Laboratories 
on the morning of April 19. The vis- 
itors included students from Colum- 
bia University, Newark College of 
Engineering, Cooper Union, College 
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Reproduced above ts the reply of Thomas 
A. Watson to a letter sent as well to many 
of those on the mailing list of BELL Гав- 
ORATORIES RECORD, enquiring as to their 
continued interest in the magazine 


Notes 


of the City of New York, Rutgers 
University, Stevens Institute of Tech- 
nology, New York University, Brook- 
lyn Polytechnic Institute. 

THoRPE Hiscock, Communica- 
tions Officer of the Boeing Air Trans- 
port Company, which operates be- 
tween New York and Los Angeles. 
visited Whippany and the Labora- 
tories on April 3. 

AT THE COLLOQUIUM meeting on 
April 16 W. S. Gorton was elected 
President for the 1928-29 season, O. 
E. Buckley, Vice-President, and J. C. 
Steinberg, Secretary. M. J. Kelly 
spoke at the meeting on “Охіде Coat- 
ed Filaments," and P. S. Olmstead, 
on April 2, spoke on "Adsorption of 
Gases by Carbon." 


* ж ж 


APPARATUS DEVELOPMENT 


J. T. Acker, Н. A. ANDERSON, R. 
M. Burns, C. H. GREENALL AND J. 
К. TOWNSEND attended the meeting 
of the A. S. T. M. Committee on 
Non-Ferrous Metals and Alloys, held 
in New York on March 21, 1928. 

W. J. SHACKELTON was present at 
the meeting of the A. S. T. M. Com- 
mittee on Magnetic Materials held 
March 22 in Washington. 

W. J. LEVERIDGE visited the Victor 
plant at Camden, New Jersey, in 
connection with a new type nineteen- 
foot horn for music reproduction. 

H. L. WALTER visited Philadelphia 
to assist in the production of repro- 
ducer outfits to be used in small the- 
atres for non-synchronous music re- 
production. 
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К. V. TERRY visited Rochester to 
confer with the Bausch and Lomb 
Company, the Eastman Kodak Com- 
pany and others on matters relating 
to equipment necessary for talking 
motion pictures. 

W. V. WoLFE made an extensive 
trip which included visits to installa- 
tions of carrier current telephone ap- 
paratus for the Northern States Pow- 
er Company at Wissota and Lau 
Claire, Minnesota; the Portland 
Power Company at Portland and 
Salem, Oregon; and the Pacific Gas 
and Electric Company at Claremont, 
Vaca-Dixon and Pitt River, Cali- 
fornia. 

H. PFANNENSTIEHL assisted at 
New Haven in installing and testing 
a new type universal projector base 
which has been developed for the- 
atre use in connection with the re- 
production of talking motion pic- 
tures. 

С .W. FOLKNER AND А. C. GAR- 
RECHT visited the Nebraska Ех- 
change in Philadelphia to study lubri- 
cation problems. 

С. W. FOLKNER AND C. C. ВАк- 
BER were in Hawthorne during the 
week of March 26 to confer on multi- 
ple brushes and sequence switches. 

D. Н. GLrEAsoN AND D. W. 
MATHISON visited the Evergreen 
Exchange in Philadelphia to observe 
contact resistance studies on 200 type 
selectors. 

D. Т. May Амр I. E. Core at- 
tended a meeting of the Joint Sub- 
Committee on Development and Re- 
search of the National Electric Light 
Association and the Bell System held 
in New York on April 5. 

Н. О. SiEGMUND served recently 
on the Committee on Elections of 
the A. I. E. Е. 

H. A. ANDERSON visited the W. 


H. Buckingham Company at Bing- 
hamton, New York, on April 11 to 
discuss the manufacture of linemen's 
climbers. 


At the Stockholm, Sweden, long distance 
board, a copy of the New York telephone 
directory lies within easy reach of the 
operator 


Н. M. STOLLER visited the Fort 
Wayne works of the General Elec- 
tric Company during the first week 
in April to test a new type of direct 
current motor to be used for talking 
motion pictures. He was also in Phil- 
adelphia, testing and inspecting other 
new equipment for theatre installa- 
tions. 

Е. С. MANDERFELD visited Phila- 
delphia to test new control boxes for 
use with the motor equipment of talk- 
ing motion picture apparatus. 

AT PHILADELPHIA A. F. PRICE 
discussed the design and manufacture 
of apparatus required for talking 
motion pictures. 

D. Н. NEWMAN made a prelimi- 
nary survey for the installation of a 
one-kilowatt broadcasting equipment 
for the Durham Life Insurance Com- 
pany of Raleigh, North Carolina. 
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Н. S. Price supervised (һе instal- 
lation of a five-kilowatt broadcasting 
equipment for the Churchill Evangel- 
istic Association of Buffalo, N. Y. 
He also inspected the one-kilowatt 
station of the Edison Electric Illumi- 
nating Company, Boston. 

W. L. TIERNEY visited the Pacific 
Coast to make a survey for а five- 
kilowatt installation for the Los 
Angeles Express and to supervise the 
installation of a one-kilowatt broad- 
casting equipment for Don Lee, In- 
corporated, Los Angeles. While 
there he inspected the one-kilowatt 
stations of Hale Brothers and Don 
Lee, Incorporated, at San Francisco. 


GENERAL STAFF 


S. P. GRACE spoke on inverted 
speech and other recent developments 
of the Laboratories before the Kan- 
sas Independent Telephone Associa- 
tion at Topeka on April 4, the Ohio 
Independent Telephone Association 
at Columbus on April 12, and the 
Iowa Independent Telephone Asso- 
ciation at Des Moines on April 18. 
On the following day, Mr. Grace ad- 
dressed the Rotary Club and the 
Chamber of Commerce at Des 
Moines on the same topic. 

P. B. FINDLEY gave a lecture 
‘Through Electrical Eyes” before 
the Hazelton, Pennsylvania, section 
of the A. I. E. E. on April 20. 

К. W. KING gave several lectures 
on television in Montreal, address- 
ing the Canadian Railroad Club on 
April ro, the Electrical Club of Mon- 
treal on April 11, the Engineering 
Institute of Canada on April 12, and 
the employees of the Bell Telephone 
Company of Canada and the North- 
ern Electric Company. Оп April 13 
he spoke on the same subject before 


the Physics Society of McGill Uni- 


versity at Toronto, and on April 23 
he again lectured on television before 
the New Brunswick, New Jersey, 
Scientific Society at Rutgers Univers- 
Ity. 

L. S. O'RoankK spoke on ''Elec- 
trical Transmission of Personality" 
before the Lynn, Massachusetts, Sec- 
tion of the A. I. E. E. on April 25, 
and before the New England Chap- 
ter of the Telephone Pioneers on 
April 26. 


RESEARCH 


C. A. KoTTERMAN was in Wash- 
ington, D. C., March 15 to 19, to 
supervise the installation of an au- 
tomatic moving picture projector 
showing an exhibition. picture “Оп 
Telephony." This apparatus is part 
of the permanent exhibit of the Bell 
System at the National Academy of 
Sciences. 

H. H. Lowry, J. M. FINCH AND 
Н. М. Van DEUSEN visited the re- 
search department of the Bakelite 
Corporation in Bloomfield, New Jer- 
sey on April 4. 

A. К. Kemp AND W. S. BisHoP 
visited the E. I. Du Pont de Nemours 
Company at Wilmington on April 5, 
to discuss vulcanization accelerators 
and antioxidants for rubber. 

Н. E. Ives lectured on the trans- 
mission of pictures before a meeting 
of the Illuminating Engineers’ So- 
ciety held in the A. T. & T. Audito- 
rium at 195 Broadway on April 12. 

CooPERATING with the New York 
League for the Hard-of-Hearing, 
Harvey Fletcher and J. B. Kelly ar- 
ranged for a showing of certain mo- 
tion pictures illustrating the use of 
audiometers at the Parents Exposi- 
tion, held at Grand Central Palace, 
which began April twenty-first. Mr. 
Kelly also gave a demonstration of 
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the 4-А Audiometer in connection 
with the portion of the program al- 
lotted to the New York League for 
the Hard-of-Hearing. The League's 
booth at the exposition displayed a 
placard that was made up by John 
G. Marinac, a member of the Bu- 
reau of Publication. 

J. B. KELLY spoke on Recent Re- 
searches in Audition before the Ohio 
Academy of Sciences at Cincinnati. 


SYSTEMS DEVELOPMENT 


К. C. Davis AND С. Н. ACHEN- 
BACH spent the week of March 5 at 
Hawthorne discussing the introduc- 
tion of the new cordless “В” switch- 
board for panel dial systems, ar- 
ranged for distributing calls between 
the operators. 

F. A. Korn visited Columbus to 
confer with engineers of the Ohio 
Bell Telephone Company on new 
dial equipment. 

Е. A. Cox investigated require- 
ments for panel dial equipment in 
Philadelphia. 

J. L. Dow visited. Pittsburgh 
March 27 and 28 to discuss panel 
equipment with engineers of the Bell 
Telephone Company. 

E. W. HANcockK inspected the new 
No. 701 P. B. X. inthe Western Elec- 
tric Distributing House at Chicago. 

C. W. GREEN spent several days 
at the Universities of Wisconsin and 
of Illinois interviewing students in re- 
gard to employment. 

F. Н. CHASE AND К. E. CRANE 
spent several weeks at Hawthorne 
observing performance tests on type 
"C" and type “D” carrier systems. 

G. W. AMES visited Denver to test 


filter equipment for carrier systems. 
A. C. DICKIESON studied field con- 
ditions on the type “D” carrier sys- 
tem at Atlanta, Macon and Canton. 
W. J. BOHRMAN attended the cut- 
over of a new satellite dial system ex- 
change at Whitesboro, New York. 
С. Н: BIDWELL attended field trials 
of a new method of producing tones 
at Springfield, Massachusetts, and 
Hartford, Connecticut. 
M. A. FROBERG tested commercial 
generator equipment at Indianapolis. 
E. Н. SMITH discussed step-by-step 
problems with engineers of the Auto- 
matic Electric Company at Chicago. 


INSPECTION ENGINEERING 


W. A. Воүр AND О. S. MARKU- 
SON attended regular Survey Confer- 
ences at Hawthorne during the lat- 
ter part of March. К. M. Moody 
and H. C. Cunningham attended a 
similar conference at Kearny. 

W. C. MILLER AND R. V. TERRY 
visited the Bausch and Lomb Optical 
Company in Rochester on March 25 
and 26 to discuss the manufacture 
of a lens system to be used for sound 
reproduction with motion pictures. 

E. F. HELBING was in Schenectady 
on April r1 and in Utica on April r2 
to observe the operation of Foos 
Type T Emergency gas engines. 


OUTSIDE PLANT DEVELOPMENT 


C. D. Hocker was in St. Louis 
and Chicago during April studying 
leather tanning and the manufacture 
of leather products. 

J. A. Carr visited Wakefield, 
Rhode Island on April 3 for studies 
in regard to placing of cable rings. 


“Shadows,” by E. Alenius; first prize, Landscape Class 


“Shoes,” by E. Alenius; first prize, Still Life Class 
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Club Notes 


The second annual photograph con- 
test included pictures from Finland, 
Italy, England and Bermuda, but a 
scene from our own Greenwich Ave- 
nue took first prize in the Landscape 
Class. This was "Shadows" by E. 
Alenius. M. К. Kruger's "Brook" 
took second place, and "Birch Tree" 
by A. C. Chaiclin was awarded third 
place in this class. 

The first prize for portraits went 
to Р. Husta for his picture “Тһе 
Baby," while С. С. Schofield’s “Тһе 
Slave Girl" took second place, and J. 
Popino’s “Theresa,” third. Other 
portraits received favorable comment. 

The first and second places in the 
Still Life Class were taken by E. 
Alenius’ "Shoes" and “The Jewel 
Case." С. С. Schofield won third 
prize with “Table Top." А. О. 
Casey received Honorable Mention. 

A. C. Chaiclin was awarded Hon- 
orable Mention for his group of pic- 
tures. 

Representatives of seven depart- 
ments competed for the Department 
prizes. The awards were given to 
A. O. Casey, Apparatus Develop- 
ment; J. E. Clark, Research; E. 
Alenius, Systems Development; D. 
D. Haggerty, Personnel; J. Popino, 
Commercial; J. A. St. Clair, Inspec- 
tion Engineering, and D. E. Hart- 
shorn, Patent Department. 

The exhibition was judged by Dr. 
W. H. Zerbe, who is connected with 
the staff of the New York Herald- 
Tribune and with the Brooklyn In- 
stitute of Arts and Sciences. 

There is a possibility that the Club 


may arrange some interesting talks 
on photography, if there are enough 
members interested. For further in- 
formation, call K. B. Lambert on 
1366, or Margaret Horne on 786. 


HANDBALL 


The second annual handball tour- 
nament of the Club was held on 
Tuesday and Thursday evening dur- 
ing March at Labor Temple, with 
twenty-four men taking part in the 
elimination matches. Т. J. O'Neil, 
repeating his victory of last year by 
defeating А. E. Hague in the final 
match, received a wrist-watch as 
first prize. А. E. Hague won the 
second prize of a five-dollar order, 
and A. L. Dresch was awarded a two- 
and-one-half dollar order. А Club 
team was selected to play in a Bell 
System Handball Tournament which 
started Tuesday evening, April 3, in 
the gymnasium in the Hudson Street 
building of Western Electric. 


TRACK AND FIELD 


On Saturday afternoon, June 16, 
the Bell System Athletic League will 
hold the first intercompany track and 
field meet at Erasmus Hall High 
School Field. The program will in- 
clude thirteen events which are listed 
as follows: For теп--100 yd. dash, 
220 yd. dash, 440 yd. dash, 880 yd. 
run, shot put, high jump, broad jump, 
mile relay, novelty race and tug of 
war. For women—6o yd. dash, quar- 
ter-mile relay, and basketball throw. 

Fourteen branches of the Bell Sys- 
tem in the metropolitan district will 
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“The Baby," by P. Husta; first prize, “Theresa”? by J. Popino; third prize, 
Portraits Portraits 


“The Slave Girl,” by С. С. Schofield; second prize, Portraits 


“The Jewel Case,” by E. Alenius; sec- “Birch Tree? by А. C. Chatcling third 
ond prize, Still Life Class prize, Landscape Class 
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“Table Тор” by С. С. Schofield; third prize, Still Life Class 


compete in this meet, and each will 
be limited to three entries in each 
event except the tug of war and re- 
lay races, in which each organization 
will enter one team. The athletic 


held on Tuesday evening, March 27. 
at the Vander-Built-In Golf Course. 
In point of numbers this last tourna- 
ment was the best, eighty-three play- 
ers who took part bearing witness to 


“Brook,” by M. К. Kruger; second prize, Landscape Class 


committee of the Bell Laboratories 
Club will hold tryouts for the track 
team at Erasmus Field on May 19 
at 2:00 P. M. Communicate at once 
with either IL. P. Bartheld, extension 
749, or D. D. Haggerty, extension 
542, 1f you intend to participate in 
these tryouts, at which, incidentally, 
prizes will be awarded. Strong men 
should call W. C. Calmar, manager 
of the tug of war team. 

The prizes for the meet on June 
16 include eight Elgin watches for 
first places, silver medals for second 
and bronze medals for third, for 
many of the events. 


GOLF 


The third and last men’s indoor 
golf tournament of the season was 


the growing interest in golf which is 
evident among members of the Lab- 
oratories. 

In the qualifying rounds, consist- 
ing of thirty-six holes of medal play, 
Le СУ Hoyt and Н. Wood led their 
respective groups. E. C. Mueller 
had to down such cae орро- 
nents as J. Dusheck, L. С. Hoyt and 
К. С. Koernig to win Е Group т, 
Class А prize, and Н. Wood, winner 
of the Group 2, Class A trophy also 
had to overcome keen competition. 
The consistently fine putting of J. С. 
Roberts gave him a victory over A. A. 
Reading in Group 1, Class B, and 
W. C. Burger won from Н. L. Dow- 
ing in Group 2 of the same class. 
In the Class C, Group 1 competition 
О. Н. Danielson defeated W. Е. 
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„жез 


At the Montreal end of the Montreal-New York chess match 


Johnson and in Group 2, H. Leicht 
defeated G. W. Burr. In Class D, 
Group 1, G. F. Doppel defeated H. 
W. Dippel, while in Group 2, А. I. 
Crawford won from P. R. Brousse. 

A new feature was introduced in 
this tournament in the form of two 
novice prizes for players who, having 
played in more than one of our tour- 
naments, had never won a prize. N. 
H. Thorn won one of these, and E. 
K. Eberhart the other. 

The success of the indoor tourna- 
ments during the past season has been 
due in no small measure to the co- 
operation of Mr. Mothersele, pro- 
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prietor of the Vander-Bunt-In Golf 
Course. In each of our tournaments 
he has voluntarily contributed valu- 
able prizes. | His last contribution, 
consisting of a pair of splendid 
wooden clubs, was won by H. Wood. 

The next tournament will be held 
outdoors. The qualifying round will 
be plaved on the links of the Salisbury 
Golf Club on Saturday, June 2, and 
the finals on June 9. 


BASEBALL 


The Bell System Baseball League 
of New York opened the 1928 sea- 
son on April 30 at 6:00 P. M., at 


The Laboratories group that played Montreal 
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Erasmus Hall Athletic Field and the 
Laboratories team will play its first 
league game on Tuesday evening. 
May 1. The League this year is 
composed of fourteen teams instead 
of eight, and has been divided into 
two groups of seven teams each to 
provide enough playing days. Com- 
plete printed schedules of all league 
games may be obtained in Room 164. 
The Laboratories schedule is as fol- 
lows: 


Мау 1 Western Electric, 195 Broadway. 

Мау 1: Western Electric, Hudson Street. 

Мау 25 New York Telephone, L. I. Plant. 

June 6 New York Telephone, L. I. Trathc. 

June 19 Western Electric, Installation. 

June 29 New York Telephone, Long Island 
Commercial and Engineering. 


The winning team in each group 
will receive one of the Spalding tro- 
phies, and will then be required to 
play a series of post-season games for 
the League championship. Fifteen 
prizes valued at one hundred and 
fifty dollars will be given to the play- 
ers on the team winning the series. 

The officers of the Bell System 
League for 1928 are as follows: 


President, D. D. Haggertv, Bell Leboratories. 
Vice-President, R. S. Kirkwood, N. Y. 
Manhattan. 


Secretary- Treasurer, E. H. Straus, N. Y. Tel. 


Long Island. 

The Club Interdepartmental 
League will open the 1928 season on 
Saturday, May 5, at Erasmus Field 
and with the exception of May 12 
and June 16, games will be plaved 
every Saturday through July 28. This 
season the baseball committee has ar- 
ranged the schedule so that all games 
will be completed before August 1 
to avoid conflict with the August va- 
cation schedules. 


Curss 


For the fifth consecutive year the 
Laboratories team has won the 
championship in the Commercial 
Chess League of New York, and in 


Tel. 


that time has not lost a match. This 
year ten teams representing commer- 
cial houses and banks competed for 
the league trophy. The final standing 
in the league is as follows: 

Won Lost Югал 


Bell Telephone Laboratories. .8 о 2 
Chase National Bank......... 8 I о 
Western Union Telegraph Co.6 2 I 
Brooklyn Edison Co.......... 6 3 о 
Guaranty Trust Со........... 4 3 2 
New York Edison Co......... 2 5 2 
Western Electric Co.......... 2 5 2 
J. С. Penney Co.............. 1 5 3 
McGraw-Hill Со.............. I 7 I 
Н. Г. Doherty Со............. о 6 3 


Hawthorne defeated West Street 
by a score of six to four in the annual 
telegraphic chess match which was 
played on Saturday, March 31. 

The Laboratories team won by 712 
to 415 the telegraphic chess match 
played April 14 with the Telephone 
Chess Club of Montreal, the first 


such match with Canada to be con- 


ducted by means of printing telegraph 
apparatus. Play started at 2:30 and 


continued until 11:30 with an hour's 


intermission for dinner. The referee 
was Mr. H. Helms, Editor of “The 
American Chess Bulletin’: Dr. Е. A. 
Robertson, President of the Montreal 
Chess League and of the Montreal 
Chess Club, represented our players 
in Montreal; and Mr. D. G. Grim- 
ley, formerly a member of our team. 
held up the interests of the Canadians 
here. J. H. Feeny was captain of the 
Montreal players, and Н. D. Cahill 


our captain. The final standings: 


Montreal Board New York 
1, G. Gaudet I 14 F. A. Voos 
L2 W. H. Rawlings 2 1. R. L. Dempsey 
'› W. K. Detlor 3 '; H. W. Воде 
14 J. L. Clarke 4 12 H. D. Cahill 
o А. 1. Buckland 5 т D. A. Quarles 
o W. G. Brisbane 6 1 H. T. Reeve 
т W. M. Paterson 7 о Е.С. Andrews 
o К.Н. Spriggs 8 г А. Grendon 
о. J. H. Ғеепу 91 G. H. Нек 
1» G. К. McGregor. то 75 T. Slonczewski 
15» J. Carleton т 1. W. Kuhn 
1. G. Goumy 12 1. E. Brenv 
42 255 
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Systematized Research 


By Н. Р. ARNOLD 
Director of Research 


NE of the most characteristic 

features of research is its 

demand for individual ini- 
tiative and resource; and its most 
valuable results often come from 
plans of procedure and methods of 
experiment originated during the ac- 
tual progress of work. 

To attempt to order in advance 
the detailed conduct of a problem 
would be undesirable and futile and 
would indeed violate the very spirit 
of research, which is one of self-re- 
liant adventure along uncharted 
paths. Any proposal to limit too 
closely the initiative of the experi- 
menter is bad; and its adoption would 
be certain to impose upon results the 
fallacies inherent in prejudgment. 
Nevertheless, a broad and careful 
consideration must be given to each 
research at its inception, for the 
course of experimentation is long and 
costly and not to be lightly attempted. 

It is to the consideration prelimi- 
nary to undertaking a research that I 
wish to direct attention under the 


This paper is a transcription of a talk at the 
annual dinner of Sigma Xi, at Columbia Uni- 
wersity, April, 1928. 


general caption of ''systematized re- 
search." The words imply a plan 
and method actively impressed upon 
the research from without. The ad- 
vantages of such an external control 
and the limitations. within which it 
must operate have been subjects of 
growing interest during the past few 
years; and I have no doubt that those 
of you who continue actively in re- 
search during the next decade will 
find them demanding increasing con- 
sideration. Scientists are trained in 
the constant effort to display the 
reign of order in the realms of na- 
ture; and this schooling predisposes 
them to a lively interest in attempts 
to impose orderliness upon their own 
diversified efforts. In the last few 
years, moreover, an added incentive 
has arisen through the growth and 
success of systematized research in 
industry. 

It is interesting to recall the situa- 
tion that developed fifteen or twenty 
years ago, when research in indus- 
trial laboratories first came into 
prominence as a matter of broad con- 
cern. Its place was not then clearly 
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apparent and its growth was the 


cause of some distrust among those . 


who worked within university pre- 
cincts and were financed from uni- 
versity funds. Ап attempt to set a 
gulf between the two helds was a 
natural enough gesture for the pro- 
tection of research in universities 
against possible encroachments of re- 
search in industries. Industries dif- 
fer from universities in their objec- 
tives, their organizations, and their 
methods of finance; it is quite under- 
standable that they should differ also 
in their attitude toward the conduct 
of research. It was conceivable that 
industries might promote in their 
work a spirit and a method which, if 
. commonly accepted, would react dis- 
astrously upon the fundamental prog- 
ress of science. The passage of time 
has shown, however, that the two 
fields are not antagonistic, nor even 
competitive, but are complementary. 

A little reflection shows that there 
is not much difference in the under- 
lying motives of workers in the two 
fields. ^ Their training is identical; 
and once they have set foot upon a 
promising trail both are enthralled 
in the interest of the chase, and 
neither needs bow to the other in the 
integrity and thoroughness of his 
pursuit. 

It is in the method of choosing 
problems, rather than in the mental 
or mechanical attack upon them, in 
which there is, and should be, the 
greatest difference. In an industry, 
fortunately, the systematizing of re- 
search is comparatively simple. The 
evolution of any industry will have 
marked otf its general field of inter- 
ests; Its operations will have accumu- 
lated evidence of needs or deficiencies 
which can be weighed and interpreted 
by minds accustomed to research 


methods; its facilities will provide 
immediate avenues of attack; and its 
commercial requirements will serve :n 
evaluating results which it may seem 
possible to achieve. Its research must 
follow a plan, however flexible, :n 
which there is a conscious and never- 
Hagging effort to secure for the in- 
dustry the maximum ultimate finan- 
cial return from the money expended. 
The plan will be determined by such 
considerations as the timeliness and 
relative urgency of the various prob- 
lems, the probability of success, the 
value of the possible results, and the 
adequacy of available funds, man 
power, and technique. Within this 
plan the individual scientist accepts a 
problem and conducts his work, know- 
ing that his value will be appraised 
upon his performance. Because he 
has accepted direction in his choice, 
and in the measure that his work is 
part of a systematized attack, he is 
relieved of some of the hazard of ill 
success should his problem prove in- 
solvable, or should its solution find no 
application. 

Not quite so simple is the situation 
determining the choice of problems in 
a university, for there we find two 
concurrent objectives. The research 
funds of the institution are intended 
both to promote additions to knowl- 
edge, and to provide for the training 
of new minds in research. The suc- 
cess of a department is measured by 
the number and quality of the men 
who complete their training as well 
as by the apparent importance of the 
department's publications. Students 
must choose, or have suggested to 
them, problems which can be com- 
pleted in a rather short specified time. 
problems which are of sufficient im- 
portance to stand by themselves as 
contributions to knowledge, which 
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are so timely as to attract some at- 
tention, and which, nevertheless, will 
not run so closely along the line of 
work of another as to involve too 
great a possibility of being forestalled 
in publication. The scientific repute 
of the department as a whole rests, 
however, upon persistent and monu- 
mental contributions in a particular 
subject. Heads of departments find 
themselves too frequently perplexed 
in the conflicting efforts toward ѕић- 
cient diversification to meet the needs 
of their students and toward suff- 
cient concentration to permit consis- 
tent and cumulative work in the field 
where they see most promise of suc- 
cess from their personal efforts. 

In the universities the need to sys- 
tematize research becomes more ap- 
parent and pressing as the field broad- 
ens and the number of workers mul- 
tiplies. The student is rightly and 
wisely encouraged to seek a problem 
for himself. He finds himself, how- 
ever, partly by choice and partly by 
chance, in a laboratory best equipped 
for a certain line of work, and asso- 
ciated with a teacher whose interests 
incline for the moment toward a spe- 
cial subject. He makes a choice un- 
der these circumstances as best he 
may. If he follows the line of his 
professor he may find himself making 
an essentially minor contribution, but 
one which nevertheless acquires some 
degree of prominence because it is a 
part of a systematized whole. In this 
respect he accepts certain conditions 
and avoids certain hazards as does 
his fellow worker in systematized in- 
dustrial research. If he chooses a 
course outside the established line he 
may reap a spectacular reward, but 
all too frequently his work goes 
promptly to the limbo of dusty 
shelves, because although thoroughly 


good it is untimely or, inadequate in 


itself, it rests without fruition or ex- 
tension. The professor, for his part, 
finds himself torn between the urge 
to use his students in forwarding lines 
of work with which he is thoroughly 
familiar and which he believes are 
valuable, and the fear lest by so doing 
he may unduly narrow the student's 
attention and thus hinder his view of 
other parts of the field which may 
become the scenes of greatest activ- 
ity in the immediate future. Under 
these circumstances it is natural that 
questions rise as to how university re- 
search may profit by а more directly 
systematized effort, and as to the pit- 
falls which are to be feared if such 
à course is pursued. 

The call to systematize research 
has found its most immediate answer, 
outside the industries, in the estab- 
lishment of national and international 
bodies for the consideration of prob- 
lems, the rendering of financial aid 
and the interchange of information. 
These organizations must find their 
way carefully and have already 
proved of great value, especially in 
furnishing material and financial aid 
to a'large number of research men 
who already had definite problems in 
mind. In choosing among these men 
and problems the ones to assist, it is 
obvious that they exercise a conscious 
direction of the trend of advanced 
research. Meantime, the vast oppor- 
tunities of science now open present 
many more points of attack than there 
are workers. Since this is so it seems 
most unfortunate to find; as we some- 
times do, students in two institutions 
vying as to which shall be first to 
complete the same problem. And it 
seems almost as unfortunate that the 
weight of student effort should at 
times be massed in one part of a field 
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while another of comparable import- 
ance is left relatively uncultivated. 
An obvious method of coping with 
this would be to systematize student 
research through some central organi- 
zation. But while a degree of cen- 
tralized control might be acceptable 
it would necessarily intrude upon the 
autonomy of separate institutions and 
if carried too far would give rise to 
violent reactions. This indeed pre- 
sents a most efficient safeguard 
against too great centralization, and 
we need never fear that we shall drift 
unwarned into a condition in which 
personal initiative is too much re- 
strained. 

Attending any effort to systematize 
research there are definite dangers, 
but these are all, I believe, of a tran- 
sient nature and tend to generate their 
own safeguards within a reasonable 
time. Chief among them, in the in- 
dustrial field, is the chance of killing 
the research spirit of the individual 
worker by limiting his initiative 
through an unwise effort to hold to 
procedures determined in advance of, 
and therefore in ignorance of, the 
facts. This becomes of real magni- 
tude when the control of research is 
exercised by those too far removed 
from or too little acquainted with its 
actual performance. It is easy and 
sometimes seems far more economical 
of time and money to plan a detailed 
method of attack, through a central 
organization, as well as to choose the 
subject of a research, but a broader 
view quickly shows such a policy to 
be short-sighted when for the sake 
of immediate economy it puts in 
jeopardy the future creative power of 
the individual. 

In systematizing industrial research 
another danger lies in the temptation 
to limit the choice of problems too 


closely to the immediate needs of the 
industry and to be a little intolerant 
of a desire to follow leads into new 
fields. It is not particularly difficult 
to secure support for researches that 
have a high probability of immediate 
profit, but it is quite a different mat- 
ter when the proposal is to sacrifice 
immediate returns in order to concen- 
trate on more forward-looking inves- 
tigations of less certain outcome. The 
principal loss which comes from re- 
stricting problems too narrowly to 
matters of current interest is, of 
course, the ultimate financial one to 
the industry, but carried too far such 
a policy may seriously react upon the 
research worker himself for it tends 
to dull his vision of possible new ave- 
nues of research which may appear 
during the progress of his work and 
which, if passed unregarded, mav 
not come to the light again for years. 

Corresponding dangers are present 
in any attempt to systematize research 
in the universities. The pressing need 
for immediate results may be very ap- 
parent to those who are advising on 
the general plan; and with their 
greater experience they may find it 
hard to refrain from too particular- 
ized directions when the man on the 
Job seems to be slow and uncertain in 
his attack. The obvious risks of yield- 
ing to this impulse are that the stu- 
dent will tend to become a highly 
trained laboratory assistant rather 
than an independently minded inves- 
tigator and that the work will pro- 
ceed too much according to past tra- 
ditions with an accompanying lack of 
new discoveries in methods of experi- 
mentation. 

Furthermore, there is very real 
danger in attempting even to suggest 
subjects for university research in ac- 
cordance with a comprehensive plan. 
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Combined experience may justify ап 
opinion as to the portions of the front 
where the attack 15 lagging, but who 
can tell where an avenue of progress 
is about to open or the value of that 
which lies just ahead? Nevertheless 
a greater degree of orderliness in the 
choice of subjects seems desirable and 
little to be feared, for, fortunately, 
the very conduct of research fosters 
the growth of mental independence 
and although for a time science might 
suffer from an attempt to hold sub- 
jects within too narrow bounds, no 
limits of such a nature would long be 
respected. 

I have not attempted to argue the 
case for or against any particular plan 
or scope of systematized research. 
This is a matter where little is to be 
gained by haste toward organization, 
and the situations differ among the 


various sciences. I have simply tried 
to turn your thoughts for a few mo- 
ments from the compelling and clear- 
cut interests of your individual prob- 
lems to the broader but more hazy 
picture of research management. The 
greatest fascination of research lies 
in the uncertainty as to what is just 
ahead, and no one knows better than 
the research worker the futility of too 
careful thought for the future. To 
be mentally self-reliant, to be per- 
sistent and alert and to keep one's 
judgment unbiased by preconceived 
notions are among the essentials for 
success in the conduct of any research 
problem. How far these may be con- 
sistent with more consciously syste- 
matized plans of attack along the 
front of each individual science is the 
future "management problem" of 
both industrial and academic research. 
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Site Purchased for New Radio Station 


To provide a site for an additional receiving station for 
transatlantic radio-telephony, the American Telephone and 
Telegraph Company has assembled by purchase and lease a 
tract of 450 acres near Flanders, New Jersey. By association 
with a transmitting station at Deal Beach, and appropriate in- 
stallations overseas, a new short-wave channel to Europe will 
be established. These additional facilities are required to care 
for the rapidly increasing load, which has already reached 


nearly sixty calls a day. 
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New Standards in Emergency 
Power-Supply Units 


By V. T. CALLAHAN 
Systems Development Department 


OWER ffor telephone central 
Diss is normally obtained 

from the local electric power 
lines. The supply is, in general, re- 
liable; rarely is the current off or 
the voltage or frequency unsatisfac- 
tory for more than a few moments 
at a time. When such interruptions 
occur, power is drawn from a local 
battery which is of ample size to sup- 
ply all needs for several hours. Tele- 
phone service, however, above every- 
thing must be available at all times 
and regardless of all emergencies. On 
rare occasions, floods or other catas- 
trophies entirely beyond the control 
of the electric utilities may cut off 
the power supply for an extended 
period. To insure the continuance 
of telephone operation in such cases, 
it is the usual practice to provide an 
emergency power supply which is in- 
dependent of outside power lines in 
cases where only a single source of 
power is available. 

To furnish this emergency supply, 
generators driven by internal-combus- 
tion engines are used. А large range 
of capacities from one and one-half 
kilowatt direct-current farm lighting 
units to sets of one hundred kilowatt 
alternating-current rating are re- 
quired and have been available in a 
relatively large number of sizes and 
types of sets. Тһе increase in ге- 
liability of the commercial power sup- 
plies, the adoption of gasoline as fuel 
for emergency engines, and the ten- 


dency toward the use of two or more 
small emergency sets rather than one 
large set have resulted in an effort to 
decrease the number of standards 
and to effect the economies resulting 
from an increased demand for fewer 
types. The various types and require- 
ments have therefore been reviewed: 
and, in collaboration with the But- 
falo Gasolene Motor Company, the 
Laboratories have now developed a 
group of emergency power-supply 
units consisting of three sizes of Buf- 
falo engines with three sizes of West- 
ern Electric and two sizes of Star 
Electric low-voltage direct-current 
generators and two sizes of Western 
Electric alternators which will cover 
the range trom twelve to fifty kilo- 
watts. Requirements below twelve 
kilowatts are filled by the Westing- 
house 1.5 kw sets singly or in mul- 
tiple, and requirements above 50 kw 
will be taken care of by the use of a 
larger type of Buffalo engine now 
being developed. The three sizes of 
the two new types of engines with 
various generators used singly or in 
multiple will replace eight sizes of 
two types of engines now standard 
and four older types used occasion- 
ally, as well as three types of engines 
used extensively on a trial basis. 

For the lower part of the range 
covered by the newly-developed line, 
the twelve-kilowatt four-cylinder Buf- 
falo Type BA gasolene engine has 
been adopted, direct-connected to and 
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mounted on а common sub-base with 
a Star Electric generator. To reduce 
the cost to a minimum, all but abso- 
lutely essential accessories have been 
eliminated. No engine governor or 
generator field rheo- 
stat Is used, the output 
of the generator being 
regulated entirely by 
means of the engine 
hand throttle. 

The subbase of the 
new set is equipped 
with four coil springs 
for support. ‘These 
springs with the flex- 
ible sections in the pip- 
ing system prevent the 
transmission of the en- 
gine vibration to the 
building and so permit 
the set to be mounted 
directly on а floor of 
ordinary construction. 
This spring mounting, 
not evident in the pho- 
tographs, is a simple 
and effective arrangement which may 
be understood by reference to Figure 
I. The set, which comes as a unit, is 
placed in position and the plugs over 
the springs are then screwed down 
till the under surface of the subbase 


ENGINE SUB BASE 


E SPRING 


ADJUS TING 
PLUG 


CONCRETE 
FLOOR 


Fig. 1— Detail of spring-mounting for 


engine bases 


just clears the floor. The entire load 
is then carried on the springs. This 
eliminates the expensive concrete 
foundation which is to be seen in such 
a large number of installations of this 


~ 


Buffalo Type BA Engine Generator Set showing radiator 
for cooling the circulating water 


nature in the industrial ficld. 

A high-tension magr..2 is fur- 
nished for ignition and an overspeed 
trip for grounding the ignition to stop 
the engine in case of excessive speed. 
The engine is arranged for both elec- 
tric and hand starting. Cooling is 
normally by means of city water but 
where there is only a local water sup- 
ply, inadequate sewers, or where 
other reasons make it desirable, a 
radiator may be used, as shown in the 
photograph. A fuel pump mounted 
on and driven by the engine pumps 
gasoline from a tank buried beneath 
the basement floor or located in some 
other safe and convenient place, to a 
small auxiliary fuel cup fastened to 
the engine frame. Lubrication of the 
internal working parts is accom- 
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plished by a splash feed system while 
main bearings and gears are fed by 
means of a low-pressure oil pump 
and piping. The generator control 
equipment is mounted on a panel lo- 
cated beside the generator. 

Two capacities of commercial-type 
low-voltage direct-current generators 


Buffalo Type R Engine driven set which also uses the 


spring mounted base 


are direct-connected to this type BA 
engine. Опе has an output of two 
hundred amperes within the range 
from twenty-two to sixty volts which 
permits floating of batteries having 
trom eleven to twenty-five cells. The 
other has an output of four hundred 
amperes from twenty-two to twenty- 
eight volts for floating eleven- and 
twelve-cell batteries. The new sets of 
this type cost approximately one-half 
as much as the former types of the 
same rating which they replace. 
For the upper part of the range 
covered by the newly-developed line 
the recently-designed type “К” en- 
gine was adopted. A four-cylinder 
engine is used for the smaller sizes 


of low-voltage direct current gen- 
erators or the small alternator and 
a six-cylinder for the larger generator 
or the large alternator. This engine 
is of the valve-in-head type and has 
a governor to maintain closer speed 
regulation. Direct current generator 
voltage control is accomplished by 
means of a field rheo- 
stat. The generator 
or alternator control 
equipment is mounted 
on a separate power 
board. 

These engines are 
arranged with dupli- 
cate high tension mag- 
netos for ignition, 
forced feed lubrica- 
tion, and for cooling 
by city water. The 
overspeed trip, start- 
ing motor, and fuel 
pump are in general of 
the same construction 
as employed with the 
type ВА engine. A 
spring-type mounting 
is used also so that the 
set may be mounted directly on a floor 
of ordinary construction. The springs 
and the flexible connections in all pip- 
ing prevent the transmission of en- 
gine vibration to the building. 

The four-cylinder type R engine 
will be arranged to drive a five-hun- 
dred-ampere, 53-volt, or a one-thou- 
sand-ampere, 28-volt, direct-current 
generator or a 50-kilovolt-ampere al- 
ternator. The thousand-ampere gen- 
erator is used for floating eleven- or 
twelve-cell batteries and the five- 
hundred-ampere generator will float 
twenty-four-cell batteries. 

The six-cylinder engine is arranged 
to drive either an eight-hundred-am- 
pere, 53-volt direct-current generator 


{320} 


or a 75-kilovolt-ampere alternator. 

In addition to the reduction in the 
number of different sets used, ma- 
terial savings in floor space will ac- 
crue, as it has been found possible to 
eliminate all the older belt-driven sets 
employing single-cylinder horizontal 
engines. Economies are also expected 
due to freedom from special building 
requirements, easier installation, and 
improved maintenance and operating 


results. Using these unit engine sizes 
makes it economical to furnish units 
nearer the requirements of the initial 
power plant, supplying an additional 
set or sets as the power plant grows. 
With these sets, the use of compact 
units, which has proved so successful 
and beneficial in a great many other 
parts of the telephone plant, will be 
extended to our emergency power- 
supply problems. 


New STANDARD UNITS 


Engine Type 


Generator Ratings 


BA—4-cylinder 200 amp., 22-60 volt d.-c. generator 
400 amp., 22-28 volt d.-c. generator 
R—4-cylinder 500 amp., 44-53 volt а.-с. generator 
1000 amp., 22-28 volt d.-c. generator 

$0 Куа alternator 
R—6-cylinder 800 amp., 44-53 volt d.-c. generator 


75 Куа alternator 
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Offer of Additional Shares of A. T.& T. eStock 


Stockholders of the American Telephone and Telegraph 
Company of record June 1, 1928, are privileged to subscribe at 
par for one additional share for every six held. Subscriptions 
are payable as follows: $20.00 per share on August 1, 1928, 
$40.00 on December 1, 1928, and $40.00 on April 1, 1929. 
Interest at five per cent will be allowed, making the final pay- 
ment $38.65. Those who wish may pay in full on August 1, 
or complete their payments on December 1. 

Warrants evidencing subscription rights will be mailed to 
stockholders on June 11. Fractional warrants, entitling the 
holder to subscribe for less than a share of stock, must be com- 
bined. Purchase and sale of warrants may be handled through 
the Financial Department of the Laboratories. 


Sound-proof Rooms 


By J. G. MOTLEY 
Assistant Plant Manager 


OR research on sound reproduc- 
[К and for development of 

transmitters and sound-repro- 
ducing apparatus, it is important to 
have working space as nearly sound- 
proof as is practicable. Rooms dead- 
ened with hair felt and other absorb- 
ing materials have been provided for 
a number of years, but newer methods 
of sound measurement and improved 
transmitting and receiving apparatus 
have made it necessary that sound be 
excluded more completely than is possi- 
ble in rooms of that type. Meanwhile 
theories of sound absorption devel- 
oped in recent years by the Research 
Department have brought to light im- 
portant considerations governing the 
design of sound-proof rooms. For- 
tunately there became available a new 
building material, boards of matted 
vegetable fibre commonly used for 
heat insulation and known by trade- 
mark names such as Celotex, which 
provided a ready means of meeting 
the new requirements. 

Despite the general impression 
that sound absorbers are the main 
factors in rendering a room sound- 
proof, our rooms are started with 
brick walls four inches thick, laid 
with cement mortar and covered on 
both sides with hard cement plaster. 
This base, as solid and massive as the 
building structure permits, provides a 
system having a low fundamental 
period, with a minimum tendency to 
resonate and a maximum tendency to 
reflect sound. On the same basis, the 


doors are built of two thicknesses of 
4” steel plate, separated by an air 
space and braced to prevent drum- 
ming action; they are fastened by 
clamps similar to those used on water- 
tight bulkhead doors. 

Inside the masonry wall, and sep- 
arated from it by a continuous air 
space to reduce the transmission of 
building vibrations, is an inner room 
consisting of laminated walls built on 
a light framework of wood. Outer- 
most in walls and ceiling is a layer 
of Celotex to damp any sounds con- 
ducted by the masonry ; next is a sheet 
of metal 1/16” thick, which reflects 
sounds back into the absorbing fibre; 
within are four successive layers of 
Celotex. The last of these serves the 
dual purpose of absorbing incoming 
sound and of preventing the reflec- 
tion of sound produced inside the 
room. The floor of the inner room 
is of two-inch boards, with a layer of 
1/16” sheet metal above and with 
Celotex both above and below; the 
wearing surface is a quarter-inch 
layer of linoleum. Supporting the 
floor, and thereby the walls and ceil- 
ings, are blocks of wood resting on a 
layer of Celotex with which the con- 
crete floor of the building is covered. 

The layer of metal was adopted 
primarily to increase the mass of the 
inner room and to provide a hard, 
sound-reflecting surface. It is continu- 
ous on walls, floor and ceilings, and 
at the jambs of the door it overlaps 
with the metal on the door itself. 
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In certain of the rooms the metal 
sheets are of copper to provide an 
electrical shield, but in the majority 
galvanized iron is used, since it is 
quite as effective as a sound reflector, 
is much less expensive, and has a cer- 
tain amount of shield- 
ing value in addition. 

That its full sound- 
proofing value may be 
obtained, each inner 
room is supported on 
as few wooden blocks 
as possible. As a fur- 
ther means of reducing 
physical connection of 
the inner room to the 
masonry of the build- 
ing structure, studding 
ot the inner wall frame 
rests on the Celotex 
covering the wood 
fibre of the inner 
room. Care has been 
taken likewise to re- 
strict to a minimum 
the solid material pass- 
ing through the inner 
layers of Celotex. On 
that account flexible 
electric connections are 
used, and the last three 
layers of the fibre are 
fastened into place 
with glue rather than 
with nails. During construction it be- 
came apparent that the smallest open- 
ing permitted entrance of sound. 
Outer and inner doors are arranged 
therefore to be clamped against cush- 
ions of rubber foam. 

The precautions for preventing 
leakage of sound make the room air- 
proof as well. For the necessary 
ventilation, a labyrinth-like duct runs 
to and from each of the rooms. The 
outer walls of the duct are of cement 


ba 


plaster, applied directly to a base of 
Celotex. They are lined with Acoustic 
Celotex, and then with a layer of hair 
felt. The air passages are wide and 
the velocity slow, so that sounds 
are quite effectively absorbed by the 


Doorway of the largest sound-proof room, showing strips 
of rubber foam to assure tight fitting 


time the air has gotten to the room. 

Thirteen rooms have been built ac- 
cording to the construction described, 
ranging in floor area from approxi- 
mately 900 square feet to 50 square 
feet. They are sound-proof and 
sound-absorbent on the inside so far 
as the higher frequencies are con- 
cerned, but the lower frequencies do 
transmit through the entire structure. 
It is interesting to note that, as the 
room becomes more nearly sound- 
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Room 1072, whose acoustic properties are varied by means of Celotex panels along 
the walls and by strips of hair felt 


proof, listeners become more sensitive the same solid masonry walls as the 
to small volumes of sound from the other rooms, finished with hard plas- 
outside. A theoretically sound-proof ter, and with the same metal doors. 
room seems therefore to be imprac- Within are hangers along the walls 
ticable with our present knowledge. at the top, from which there are 

A large room of somewhat differ- suspended removable panels of sound- 
ent construction, 600 square feet іп absorbing material so that in any lo- 
floor area, has been provided as well, cation the thickness of the absorbing 
for aid in the study of the effect of material can be varied, and the 
room acoustics on the action of trans- acoustic properties of the room 
mitters and receivers. It is built with changed correspondingly. 
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The Light of a Television Eye 


By FRANK GRAY 


Research. Department 


N the act of seeing, light comes 
| out of a person's eyes and ex- 

plores the object at which he is 
looking." бо believed certain Greek 
philosophers, who considered light as 
an intangible tentacle, proceeding 
from and directed by the eyes of an 
observer. What a comfort it might 
be to proponents of this long-dis- 
carded theory if they could know that 
our television system apparently sees 
by shooting a beam of light from 
what looks like its eye! Appearances 
deceive; the lens at the center of the 
television transmitter merely func- 
tions with other apparatus to direct 
a beam of light, and the seeing is 
done by three photoelectric cells 
which are grouped around the face 
of the instrument. 

Still the difficulty persists. Long 
familiarity with cameras leads one to 
expect that the television transmitter 
will look through a lens at a broadly- 
lighted object, and then in some way 
convert the image of that object into 
electrical signals which can pass over 
a line. Most television schemes have 
proposed to use this plan. Figure t 
is typical; it shows the apparatus 
looking through its lens-eye at a box 
flooded with light by two intense 
lamps at the side. By means of the 
lens an image of the box is formed on 
the rotating disc, and as one of the 
apertures moves across the image, 
light passes through onto the photo- 
electric cell behind. Current from 
the cell is therefore a continuous 
record of brightness of the parts of 


the image passed over by the suc- 
cessive apertures. Meanwhile the 
lamps are sending out rays in all di- 
rections, and that small area of the 
box, whose image just fits the aper- 
ture at any instantaneous position of 
the disc, is itself scattering in all di- 
rections the light which it receives. 
It is of course only the rays directed 
through the aperture that produce 
a current. The light reaching the 
photoelectric cell at any instant is 
therefore very small even when the 
object is brightly illuminated, for of 
course only a tiny fraction of the 
light from the lamps falls upon the 
particular area "seen" at any instant. 

Of the light falling upon the area 
under consideration, part only is so 
reflected that it reaches the lens; the 
remainder is lost to the television ap- 
paratus. Quite evidently the portion 
of the light collected depends on the 
area of the lens. Physical difficulties 
prevent increasing the diameter of 
the lens, with respect to its focal 
length, beyond a certain ratio. When 
this ratio is reached a further in- 
crease in lens area means a larger 
image, and therefore a larger rotat- 
ing disc to scan it. Mechaical limi- 
tations of the size of the disc there- 
fore impose a limit on the size of the 
television eye. 

These two restriction are particu- 
larly serious on account of the small 
currents to be secured from light-sen- 
sitive cells. A photoelectric cell of 
the usual type, with an opening an 
inch in diameter, will give a current 
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of a millionth of an ampere when а 
twenty-five watt lamp is burning 
about four feet away. But television 
must operate with far less light than 
that; roughly, it has available only 
the feeble light reflected from an area 


Figure 1—A television system in which 


broadly illuminated 


approximately the size of a finger tip. 

Then there is the "ghost" of tele- 
vision, which haunts the system with 
its phantom snowstorm. The rea- 
son is that the current from the cell 
must pass through a resistance to 
produce the voltage drop by which 
the first amplifier tube is operated. 
In this resistance, as in any piece of 
metal, the electrons are constantly 
in a state of swift, random motion, 
giving minute but rapidly changing 
differences in voltage between the 
ends*. The amplified current fluctu- 
ates correspondingly and, if it has 
been magnified sufficiently to make 
the fluctuations large, gives the effect 
of a snowstorm on the screen at the 
receiving end. If, however, the ob- 
ject can be lighted brightly enough, 


* These random voltage variations were dis- 
covered by J. В. Johnson. 


the output of the cell will be great 
enough to override the random fluc- 
tuations from the resistance, much 
as a powerful broadcasting transmit- 
ter overrides static. 

In order to secure the effect of an 
intense illumination 
without inconvenience 
to a subject, our appa- 
ratus resorts to sight 
by a method in accord- 
ance with ancient phil- 
osophy, and thereby 
makes rather startling 
gains in effectiveness. 
The entire optical sys- 
tem is reversed, with 
the light starting from 
what has previously 
been visualized as its 
destination. The rays 
from an arc lamp are 
condensed so that they 
converge on a small 
area on the back of the 
rotating disc. As one of the apertures 
passes across the illuminated area, a 
pencil of light passes through and is 
focussed on the box by a lens. The 
box is thus traced over by the moving 
image of successive apertures of the 
disc: in effect, by a spot of light 
moving in a series of adjoining par- 
allel stripes. After striking the box 
the light is reflected in all directions 
and some of it enters large photo- 
electric cells placed where the flood 
lights had been imagined to be in 
the previous arrangement. The re- 
sult in television operation is the 
same as if the whole object were con- 
tinuously illuminated. The moving 
beam coming from successive aper- 
tures of the scanning disc illuminates 
at any time the only area whose light 
can be used. At the same time there 
Is no inconvenience to the subject; al. 


the object 15 
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though the intensity of the spot is 
high, the average intensity over the 
field is low. 

А second gain comes from libera- 
tion of the apparatus from its former 
limitation: the size of lens available. 
The light reflected from the subject 
is collected directly by giant photo- 
electric cells developed for that spe- 
cial purpose and used in a system per- 
mitting several to be operated in par- 
allel. The three cells of an actual 
television apparatus present an area 
of 360 square inches to collect light, 
instead of a possible seven square 
inches of lens that could be used to 
form an image on the fifteen-inch disc. 

By these gains in efficiency, the 
photoelectric current is increased to 
an average value of a ten-billionth of 
an ampere—a current extremely 
small, but well beyond the range of 
interference from ran- 
dom fluctuations which 
which may occur in the 
resistance. 

In the two methods 
of operation men- 
tioned, the light passes 
in opposite directions 
over identical paths. A 
natural question is 
whether the increased 
sensitivity of the sys- 
tem has been at the ex- 
pense of perspective 
or truthful reproduc- 
tion. That happily is 
not the case to even 
the slightest degree. It appears to be 
a general law of optics that when 
light striking a surface has a particu- 
lar fraction of its energy reflected in 
any direction, then light passing back 
over the reflected path has the same 
fraction of its energy turned back to 
the original direction. The flow of 


energy for any position of the scan- 
ning disc is therefore of exactly the 
same character in one direction as in 
the other. 

Utilizing this principle, we can 
secure lighting effects by placing the 
photoelectric cells symmetrically 
around the object as if they were 
lamps. The light, coming from the 
front, is of course scattered in all 
directions but it can be caught only 
where cells are available. If these 
are on one side only, light reflected 
from the opposite side of the object 
would be lost, and the effect on the 
received image would be to leave that 
side in darkness. In addition each 


cell catches a considerably larger 
part of the light coming from the 
nearer part of the object than from 
the farther part, just as a lamp il- 
luminates bodies close to 


it more 


Figure 2—In this system the object is scanned by an intense 


beam of light 


strongly than those further away. 
The apparatus therefore “sees”? the 
object as if it were illuminated by the 
photoelectric cells. 

To be consistent in operation and 
to assure truthful reproduction as 
well, the apparatus should be blind 
to all illumination not coming from 
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its own eye. This might be secured 
by having no other illumination in the 
transmitting room, but actually it 
comes about as a result of the elec- 
trical circuits used in transmission. 
These necessarily amplify and trans- 
mit the fluctuations of the photoelec- 
tric current, but not the steady value 
about which the fluctuations occur. 
Uniform increase in brightness over 
the entire field results in an increase 
in the steady current from the cells 
and in a shifting of the fluctuations, 
practically unchanged, up to a higher 
current range. The fluctuations will 
be amplified and transmitted, and the 
direct current rejected, as before; 
the received image will consequently 
be the same whether transmission 
takes place from a darkened room, 
or from one well lighted. 

Having intimated that the over-all 
brightness of the transmitted scene 
has no effect on the received image, 
a natural question is, “What is the 
relation between the two and how is 
it controlled?" Experience with or- 
dinary photography answers the first 


question: there is none. A twilight 
scene when photographed may yield 
a picture as brilliant as if the sun had 
been shining. Actual practice is to 
adjust the brightness of the arc lamp 
to secure optimum conditions at the 
transmitter and independently to ad- 
just the circuits at the receiving end. 

An interesting case is that met 
when the subject is smoking. Those 
who have not seen this demonstrated 
frequently ask, “What does the glow- 
ing end of a cigar look like at the re- 
ceiving end?" The answer, curious- 
ly enough, is, “Black”, as long as the 
light from the red-hot carbon acts 
continuously on the cells, adding its 
own steady component to the output. 
As the amplifier is not responsive to 
direct current, this illumination does 
not register at the receiving end. 
When the scanning point of light 
passes over the glowing carbon, it is 
reflected just as it would be from a 
dead coal—that is, the cigar tip looks 
black to the photoelectric cell, and 
therefore it looks black to the ob- 
servers at the receiver. 
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Amplifier for Condenser Transmitter 


H. C. CURL 
Apparatus Development Department 


ONDENSER transmitters 
o have two principal advan- 

tages over the older carbon 
button type, which have made them 
invaluable not only as laboratory 
precision instruments but for the 
electrical recording of phonograph 
records and the talking motion pic- 
tures. Their electrical output fol- 
lows much more faithfully the sound 
input over a very wide frequency 
range than does that of the carbon 
tranmitter, besides being free from 
carbon noise and difficulties due to 
packing of the carbon granules. Their 
use has been limited, however, by the 
two disadvantages of a high impe- 
dance and small output. These short- 
comings make the use 
of a special amplifier 
necessary and for this 
purpose primarily the 
47-A has been de- 
signed. Its circuit, 
shown in Figure 1, in- 
cludes a vacuum tube 
coupled by resistance 
coupling to the trans- 
mitter, and an output 
transformer with per- 
malloy core. 

The condenser 
transmitter is essentially a condenser 
whose capacity follows very closely 
the pressure variations in the sound 
waves. When connected to the ampli- 
fier it is charged to a potential of 
about two hundred volts through the 
resistance R,. Under these conditions 
it acts somewhat as an alternating- 


"IN CONDENSER 
TRANSMITTER 


current generator having an internal 
impedance equal to that of the trans- 
mitter, which is about eighteen mil- 
lion ohms at thirty cycles per second 
and about five hundred thousand 
ohms at one thousand cycles. The 
condenser C, prevents the high posi- 
tive potential from being applied to 
the grid of the tube. The proper 
grid bias, applied through the resis- 
tance R,, is obtained from the vol- 
tage drop of the filament current 
flowing in R,. The transmitter char- 
ging battery is used also to supply a 
plate potential of about fifty-five 
volts through the drop in resistances 
К, and R,. 

The grid circuit which required the 
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Fig. 1—Schematic diagram of the 47-4 Amplifier 


most careful consideration from the 
design standpoint, consists of the 
usual resistance coupling employed in 
many amplifiers where high quality 
is required, but differs from the usual 
circuits in the extremely high values 
of resistances employed. As the vol- 
tage developed is very small, it is 
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desirable to impress as great a pro- 
portion of it as possible on the grid 
of the vacuum tube. То attain this 


result it is necessary that the impe- 
dance into which the transmitter is 
operated be high in comparison with 
the impedance of the transmitter at 
It was shown by 


all frequencies. 


sealed into the ends of the small glass 
tube that contains it. These resis- 
tances were chosen on the basis of 
their small size, stability, and quiet- 
ness. 

With a high resistance in the grid 
circuit of the vacuum tube certain 
factors ordinarily neglected must be 


Fig. 2— The 47-4 Amplifier assembly with the containing shell and the condenser 


type transmitter 


computations, checked experiment- 
ally later, that R, and R, would each 
have to be about fifty million ohms to 
give an overall characteristic which 
would have but two T.U. less gain at 
30 cycles than at 1000 cycles. 

The necessity for resistances of 
such high values introduces difficul- 
ties both in obtaining reliable resis- 
tances and in the operation of the cir- 
cuit. The resistances employed in 
the 47-A amplifier consist of a liquid 
known as xylol which is a mixture of 
xylene and alcohol. Contact with the 
liquid is made by platinum wires 


considered. Referring to the circuit 
of the amplifier, it will be seen that 
a current may flow from the positive 
of the two hundred volt battery sup- 
ply through resistance R,, the insula- 
tion resistance of condenser C,, and 
back through R, to the negative of 
the battery supply. Another leakage 
path is from the plate of the vacuum 
tube through the vacuum tube base 
and socket and through R, back to 
the negative of the battery. 

The effect of these leakage cur- 
rents is to cause a voltage drop in 
R, which subtracts from the applied 
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grid bias. Five hundredths of а 
micro-ampere is sufficient to cause a 
change in the grid voltage of two and 
a half volts which would cause a very 
noticeable distortion. A leakage cur- 
rent of this value 
would be obtained 
with aninsulation 
resistance of four 
thousand meg- 
ohms across con- 
denser C, which 
is considerably 
higher than the 
usual requirement 
placed on conden- 
sers. Condenser 
C, therefore must 
have unusually 
high insulation 
resistance which 
for the condenser 
employed is ap- 
proximately fifty 
thousand meg- 
ohms. The insu- 
lation resistance 
between the grid 
and plate of the 
vacuum-tube base 


and socket is 
made correspond- 
ingly high. 


The maximum 
voltage cannot be 
obtained f rom the 
transmitter mere- 
ly by making the 
grid resistance 
high, since there remains the input ca- 
pacity of the tube which also limits it. 
For this reason it is advisable to em- 
ploy a tube with an input capacity 
small compared to that of the trans- 
mitter. Capacity between the leads 
from the transmitter to the amplifier 
and between the wires in the ampli- 


Fig. 3— Decorative floor-stand models de- 
signed by С. В. Lum 


fier also has the effect of reducing the 
voltage reaching the grid so that this 
capacity must also be reduced to a 
minimum by placing the transmitter 
as close to the amplifier as possible. 
This arrangement 
eliminates also 
the interference 
which long trans- 
mitter leads 
would pick up. 

The require- 
ment of high re- 
sistances and low 
capacity in the 
grid circuit neces- 
sitates extreme 
care in the design 
of all parts of the . 
amplifier and of 
the mechanical 
arrangementof 
the apparatus, to 
eliminate low in- 
sulation leakage 
paths and losses 
due to shunt ca- 
pacity. The 
vacuum tube em- 
ployedis the 239- 
A. It consists of 
elements similar 
to those of the 
215-А tube but 
mounted in a 
larger structure 
to increase the in- 
sulation resist- 
ance between the 
tube elements. These tubes, in ad- 
dition to the usual tests, are sub- 
jected to a special ionization and insu- 
lation-resistance test, and to other 
tests to insure that they are non-mi- 
crophonic. 

The 47-A amplifier is shown dis- 
assembled in Figure 2. The ampli- 
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fier unit fits into the metal shell 
shown, which measures about three 
and three-quarters inches in diameter 
by eleven inches long. The trans- 
mitter housing is fastened to one end 
of the shell by a clamping ring which 
engages with the threads on the base 
of the housing. By releasing the 
clamping ring the transmitter hous- 
ing may be turned approximately 
360? or removed altogether to make 
connections to the terminal plate of 
the amplifier. The transmitter itself 
is held in a cradle pivoted as shown, 
which permits rotation of about 90?. 
These two adjustable rotations allow 
the transmitter to be turned to face 
the source of sound regardless of the 
position of the amplifier. 

This type of amplifier is designed 
to be suspended in the air, either by 
the two lugs shown on the side of the 
shell, or from the handle at one end. 
The small diameter of the amplifier, 
which is but little greater than that 
of the transmitter itself, provides a 


unit which is not objectionably large 
when placed in a conspicuous place, 
such as is often necessary in picking 
up material for broadcasting or re- 
cording. This small size of the unit 
is especially advantageous in the re- 
cording of talking moving pictures, 
because it permits easy concealment 
from the lens of the camera. 

The main supporting element of 
the amplifier assembly is a circular 
brass casting. Оп one side of this 
casting the vacuum-tube socket and 
three resistances are mounted and on 
the other side the output trans- 
former, the grid circuit resistances 
and condenser, and the terminal 
plate. After the apparatus is wired 
this assembly is dipped and impreg- 
nated under a vacuum with an insula- 
ting varnish to protect the apparatus 
from the effects of high humidity. 
This assembly may be mounted in 
floor types of stands such as shown in 
Figure 3 for use where this type of 
mounting is preferred. 


IA. en 
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A Large P. B. X. Installation 


An unusually large private branch exchange has recently 
been put into service for the Consolidated Gas Company of 
New York. It has forty-two positions, with a present installa- 
tion for 2300 extension lines and 520 trunk and tie lines. 


About six million calls a year are now being handled. 


The 


board is of the No. 1 Type, but equipped with circuits of the 
604-C Switchboard arranged for operation with the dial Sys- 


Lem. 
4 210-ampere storage battery. 


The power plant includes two motor-generator sets and 
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Terminal Strips 


By E. S. SAVAGE 
Apparatus Development Department 


F the evolution of terminal 
() strips into their present form 
comparatively little is known. 
It is certain, however, that the strips 
have undergone less change during 
the past thirty-five years than almost 
any other apparatus in the telephone 
plant. A study of 
Patent Depart- 
ment records and 
old photographs 
of central offices 
shows that ter- 
minal strips of 
practically the 
same general de- 
sign as those still 
in service were 
used at least as 
early as 1892. 
Terminal strips 
became important 
when the main distributing frame was 
patented by Angus S. Hibbard in 
1891. Previously, as is set forth in 
the patent, lines entering a central 
office had been distributed without 
order, by means of connecting wires 
running in the shortest paths from 
the ends of the cables to the switch- 
board terminals. This older method 
involved such extensive crossing of 
the wires that they became inextric- 
ably interlaced, and moving or with- 
drawing any of them for testing, re- 
distribution, or any other purpose 
could be accomplished only with the 
greatest difficulty. 
It is probable that some sort of 
terminal strip was in use at the switch- 


Fig. 


1—An early terminal strip, 
drawn from an old photograph. This 
was probably used at a switchboard 


boards even during this earlier period 
to permit permanent wiring of the 
jacks, so that there would be no need 
for entering the switchboard to make 
changes in wiring. There is in the 
files an undated picture of an old 
terminal strip, used at one time by 
the New York and 
New Jersey Tele- 
phone Company, 
which looks as if 
that were its pur- 
pose. Its terminals 
are fitted with 
screw binding posts 
at one end and 
soldering lugs at 
the other. A still 
earlier type, with 
screw binding 
posts at both ends 
of the terminals, is 
shown in a patent filed in 1890. 

As at present designed, the great 
majority of terminal strips are of the 
general type shown in Figures 2 and 
3. Figure 2 is a fifty-circuit terminal 
strip for terminating trunk and mis- 
cellaneous cross connections on the 
horizontal side of the main distribut- 
ing frame. Figure 3 represents the 
more usual twenty-circuit terminal 
strip of the type used in switchboard 
sections and desks. "Terminal strips 
of this general type are used on hori- 
zontal and vertical sides of the inter- 
mediate distributing frame, on the 
various frames for dia] equipment 
and on relay racks. There are some 
eighty-odd coded varieties of terminal 
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Fig. 2— No. 183 terminal strip 


strips of this general type providing 
for various combinations of from ten 
to fifty circuits and three to eleven 
terminals per circuit. Each of these 
terminal strips is made with a base 
of hard maple, perforated with holes 
through which the wires are drawn. 
In practically all cases a hole is pro- 
vided on each side of the base for 
each vertical row of terminals. By 
passing the wires through these fan- 
ning holes, as they are called, an 
orderly distribution of the wires to 
the various terminals is accomplished, 
and in case of trouble the tracing of 
the wires is made much easier. On 
top of each base is a wood strip called 
the bottom strip, and above this 
there are a number of mounting 
strips of hard rubber, usually 
three or more, slotted to carry 
the terminal punchings. Above 
is a top strip of hard rubber, and 
in some cases this is surmounted 
by a wooden designation strip. 
The entire pile-up is clamped to- 
gether with long machine screws, 
fastened into threaded holes in 
a narrow steel strip lying in a 
groove on the lower side of the 
base. The terminal punchings 
themselves are stamped from 
sheet brass and coated with tin, 


Fig. 


133 


and are of several lengths. They 
are held in parallel rows in the slots 
of the mounting strips, with the long- 
est on the bottom in order to facili- 
tate soldering. 

Another type of strip, used for ter- 
minating subscribers! lines оп main 
distributing frames, is No. 65. Тһе 
base is irregular in cross section, with 
an upper edge overhanging the ter- 
minals to protect them from crosses 
which might be caused by solder or 
other material falling from above. 
Only one mounting strip is used, fitted 
with three-armed punchings having 
three soldering terminals; of these, 
one comes above the mounting strip, 


3— Strips of this type have as many as 
eleven rows o f terminals 
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which is horizontal, and the other 
two below. In general, according to 
current practice, the cable pairs from 
the outside terminate on the vertical 
side of the main distributing frame. 
From there they are 
connected by jumper 
wires to the upper ter- 
minals of the No. 65 
strips, which are on 
the horizontal side of 
the frame, and from 
the lower terminals, 
switch-board cables 
run to the intermediate 
distributing frame. 
Should а subscriber 
move to another loca- 
tion within the same 
central office area, or 
should a new cable be installed, it 
would be desirable to change his line 
from one cable pair to another with- 
out changing his telephone number. 
In such a case the usual procedure 
is to move the connection of the 
jumper wires from the upper lugs to 


умма 
де 2 0973 У Ул 
LO усу?» 
EM ^Y MTM 7“ E 


the middle lugs of the same punch- 
ings, and then to connect jumpers 
from the new cable pair to the va- 
cated upper lugs. Thusthe subscriber 
has a connection to both cable pairs 


Fig. 5--Уо. 65 terminal strip. Staggering of the punch- 


ings permits closer spacing 


involved. When he moves or when 
the new cable is put into service, the 
old jumpers are cut off at the ter- 
minals and pulled out. 

Quite recently terminal strips of 
this design have been produced with 
the punchings mounted closer to- 
gether than in the No. 
65 type, so that fifty 
cable pairs сап be 
terminated їп the 
space formerly occu- 
pied by forty. Since 
new and old strips can 
be mounted inter- 
changeably, the result 
is a twenty per cent in- 
crease in capacity of 
the horizontal side of 
a ,main distributing 
frame of any particu- 
lar size. 

In addition to these 
terminal strips of reg- 
ular type, which differ 


Fig. 4—Two strips fitted with metal brackets for mount-ttom each other prin- 


ing on panels 


cipally in the length 
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of the base, number of punchings рег 
row, height of the pile-up, and other 
details, there are many modifications 
of the standard designs. Among these 
are strips with only half the usual 
base, others without any base, strips 
with the pile-up mounted on small 
metal brackets, and still others quite 
unlike terminal strips in appearance; 
in one of these, used for terminating 
the wires to translators, the lugs are 
of such lengths that their ends form 
a concave arc. These special designs 
constitute in all less than a twentieth 
of the strips made each year. 

In the number of piece parts re- 
quired annually, terminal strips are 
probably near the head of the list of 


telephone apparatus. More than four 
hundred thousand strips of all sorts 
are manufactured each year, and these 
require no less than forty-eight mil- 
lion punchings. Each punching in 
turn uses at least two soldered con- 
nections for installation of the orig- 
inal wiring, or a total of about a 
hundred million for a year's output. 
Other millions — possibly dozens ot 
millions — of soldered connections 
are made each year by Associated 
Company men on account of moving 
by subscribers and rearrangement of 
facilities. It is therefore evident that 
the design of such pieces of apparatus 
is most important from the standpoint 
of installation and maintenance. 


CODO e 


«To Have and To Hold? 


INCE 1920, the market value 
of A. T. & T. stock has climbed 
steadily from about $100 per 
share to twice this value. To those 
who during this period purchased 
stock under the Employees’ Plan and 
who have held it after it was paid 
for, this increase in market value 
brings a pleasant reward. To those 
who failed to take advantage of the 
plan or who disposed of their hold- 
ings, it 1s likely to be the subject of 
equally keen regret. 

There are many different ways of 
stating in figures just how advanta- 
geous the stock purchase planis. The 
following form of statement does not 
pretend to be unique but it does em- 
phasize certain important features 
which may not be generally realized. 

The ultimate aim of every savings 
plan is to provide a competence for 


later years. It is generally recognized 
that any such plan should be syste- 
matic and of course should effect the 
growth of principal as rapidly as pos- 
sible. These conditions are met by 
setting aside a certain sum of money 
at regular intervals to draw interest 
and by reinvesting the interest so that 
it will be compounded. The higher 
the rate of interest at which one is 
able to invest his funds, the more 
rapidly does the principal grow. 

The present plan under which we 
may purchase stock is dated May 
1921. Let us, therefore, calculate the 
savings of a member of the Labora- 
tories who decided at that time to 
invest $15 monthly toward the pur- 
chase of stock, and commenced pay- 
ment July first. His first five shares 
of stock would have cost him $100 
per share and would have been paid 
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ир in January, 1924. Resubscribing 
for five more at $118 per share, he 
would have had these fully paid for 
in January, 1927. His next sub- 
scription would have been for five 
more shares at $130. Although the 
total of his monthly installments 
amounts to $1237, the value of these 
plus interest and dividends amounts 
to $1605. However, if the present 
market value of his ten shares which 
are paid for is taken into account, 
the value of his savings is actually 
about $2590. Restating this last fig- 
ure in terms of a single rate of com- 
pound interest, holding throughout 
the period from July 1921 to the 
present date, we arrive at a startling 
result: had this same individual be- 
gun in 1921 to lay aside $15 a month, 
he would have had to obtain the ex- 
traordinary return of 2496 compound 
interest in order to have today what 
the Employees' Stock Plan has pro- 
vided him. 

Another interesting comparison can 
be made. Payments of $15 per month 
deposited in a savings bank at 4% an- 
nual interest compounded quarterly 
would come to $1,453 at the end of 
7 years; the present value of the sav- 
ings under the stock plan exceeds that 
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15 
YEARS 


sum by $1230. This surplus has ac- 
crued to the employee in question 
over a period of 7 years, and there- 
fore represents an average annual 
gain of $175. If we assume that he 
subscribed to his full quota of stock, 
his annual salary must have been be- 
tween $1200 and $1500. [In other 
words, by subscribing he has been 
able, just for the asking, to increase 
his yearly income by an amount equal 
to about 12% of his salary. 

It is by no means the present inten- 
tion to imply that benefits to the par- 
ticipant under the stock purchase plan 
will over a long period of years show 
such striking opportunities. Never- 
theless the plan will certainly con- 
tinue well worth subscribing to. 

Now that the market value of the 
stock has reached a new high for all 
time, many holders are beginning to 
wonder whether or not they should 
sell and thus "realize" their profit. 
In the case of our hypothetical em- 
ployee who now has ten shares of 
stock fully paid for, this means the 
exchange of these ten shares for 
about $2000 in cash. Immediately, 
the problem of reinvesting the $2000 
has to be found. Safety of investment 
is the first consideration and satis- 
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Accumulation of $15 saved each month, with and without compound interest 
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factory yield second. The combina- 
tion of these two features in a single 
investment is now notoriously hard 
to find. Many good bonds yield little 
better than 4% and some of the best 
common stocks even less than this. Let 
us contrast this situation with the 
other alternative of holding the ten 
shares of A.T.&T. stock. Each 
share is paying $9 per year dividend 
and during the period beginning in 
1924, when the first shares were fully 
paid up, each share has been granted 
rights whose value averaged over six 
years has amounted to $4.05. Every 
share has, therefore, actually returned 


to its owner $13.05 a year which on 
the present market value of the stock 
represents a yield of 6.5%. 

Again a definite statement as to the 
future is impossible, but we all know 
that the growth of the American 
Telephone and Telegraph Company 
is destined to be very rapid and that 
it is the stated policy of the manage- 
ment to raise much of the new monev 
required to finance growth by issuing 
rights for the sale of new stock to 
stockholders. The advisability of 
selling our A. T. & T. stock, even at 
the present prices, therefore seems 


doubtful. 


SUBSCRIPTION TO А. T. & T. Srock 


Pay ments July 1, 1921-June 30, 1928 on five shares of stock 


First group of shares at $100.... 
Less interest credited on payments. . 


Net payments 


Second group of shares at $118... 
Less interest credited on payments. . 


Net payments 
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Current group, 17 months at $15 per month 


Total payments 
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Approximate value of holdings July 1, 1928 


First group S shares at $188* ....... $940.00 
Second group 65 shares at $188* ....... 940.00 
Third group | Payments unfinished. Equity 
$53.59 per share ..... 267.95 

Dividends received: 

17 dividends on first group of 5 shares... $191.25 
5 « * second © сс с « 56.25 
Average market value of rights received :** 

5 rights May, 1924, at. %3.68......... 18.40 
BOUT Ма 026: OT aree e 30.60 
то “ Мау, 1928, “ 1450......... 145.00 


+ «+ «+ «+ o č s è 2420. o s č o 


Value of stock and returns 


* l'alue, ex rights, at market close May 31, 1928. 


T $500.00 
47-79 

TTE $452.30 

Pe Bes $590.00 | 

60.30 

саа $529.70 

255.00 

$1,237.00 


** These figures show the account as it would have stood had the rights been 


sold. 


Had the employee exercised his rights using accumulated dividends, and 


perhaps, arranging а loan at his bank which future dividends would liquidate, 
the profit he would have derived from his rights would, of course, be con- 


siderly greater than the market values shown, 


БРО RO S AS OS 


News Notes 


MONG guests at а banquet 
A tendered by All America 
Cables, Inc., to celebrate its 
fiftieth anniversary, were Edgar S. 
Bloom, Bancroft Gherardi and W. 
F. Hosford, Directors of the Labo- 
ratories; E. B. Craft, Executive Vice- 
President and E. P. Clifford, Vice- 
President. 

Mr. JEwETT addressed the engi- 
neering faculty and students of Prince- 
ton University on May 1 on the sub- 
ject of "Cooperative Research." On 
April 26 Mr. Jewett spoke on “The 
Development and Use of Radio Tele- 
phony as a Means of Communica- 
tion” before the Harvard Graduate 
School of Business Administration. 

MR. СкАЕТ and his staff entertained 
the Division of Engineering and In- 
dustrial Research of the National Re- 
search Council at a luncheon meeting 
on May 4, Mr. Elmer Sperry, Presi- 
dent of the Sperry Gyroscope Com- 
pany, presiding. Afterwards the vis- 
itors viewed a demonstration of tele- 
vision and the talking movies. 

Mr. CRAFT spoke on “Research 
and Its Relation to Industry” before 
the Connecticut Chamber of Com- 
merce at Hartford on May 17. 

THe ErrLrorr Cresson MEDAL 
was presented to Gustav W. Elmen 
by the Franklin Institute on May 16. 
Award was for "extended researches 
in the magnetic characteristics of 
nickel-iron alloys resulting in Permal- 
loy." 

Among other workers in the com- 
munication field to whom the Elliott 


Cresson medal has been awarded are 
Dr. Alexander Graham Bell, for the 
electrical transmission of speech; Dr. 
Michael I. Pupin, for loading of tele- 
phone lines, the American Telephone 
and Telegraph Company for contri- 
butions to the telephone art, and Dr. 
Lee De Forest, for the three-element 
vacuum tube. 

AT THE COLLOQUIUM meeting on 
April 30 Professor J. Franck of Gót- 
tingen, spoke on ''Collisions of the 
Second Kind". On May 15 E. U. 
Condon of Columbia University 
brought out a number of applications 
of the utility and power of wave me- 
chanics in dealing with certain current 
problems of physics. 

APPARATUS DEVELOPMENT 

Е. A. KUNTZ visited the New Eng- 
land Telephone and Telegraph Com- 
pany in Boston to investigate opera- 
tion of No. 392 type loud ringing 
bells. | 

H. T. MARTIN AND О. А. SHANN 
visited the Gray Telephone Pay Sta- 
tion Company at Hartford, Connec- 
ticut, to discuss upper steel housings 
and locks for coin collectors. 

E. L. NELSON addressed the Phila- 
delphia Section of the Institute of 
Radio Engineers on April 27 on “Re- 
cent Improvements in Radio Broad- 
casting Apparatus.” 

D. H. NEWMAN supervised the in- 
stallation of a one-kilowatt broadcast- 
ing equipment for the Universal 
Broadcasting Company in Philadel- 
phia. 

E. L. NELsoN AND H. S. PRICE 
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made a survey for the installation of 
a fifty-kilowatt broadcasting equip- 
ment for the Crosley Radio Corpora- 
tion in Cincinnati, Ohio. 

W. L. Tierney has been in Cali- 
fornia where he made a survey for 
a one-kilowatt broadcasting installa- 
tion for Nichols and Warinner at 
Long Beach. Hle also inspected the 
stations of Warner Brothers at Hol- 
lywood, Pasadena Star News at Pasa- 
dena, and Tenth Avenue Baptist 
Church at Oakland. 

D. Н. GLEASON visited New Lon- 
don, Connecticut on April 24 to ob- 
serve the operation of step-by-step 
switches installed there. 

Н. B. ARNOLD attended the Re- 
gional Meeting of the A. I. E. E. at 
Baltimore on April 19 and 20. 

C. К. Boeck has been engaged 
since April 12 in testing the power 
line carrier equipment which is now 
being installed on the Pacific Gas and 
Electric Company's lines between 
Claremont, Vaca-Dixon and Pitt 
River by R. D. Gibson and C. N. 
Nebel. 

С. C. PORTER visited Philadelphia 
on May 3 to inspect alternating cur- 
rent motors to be used with talking 
motion pictures. 

F. F. Lucas has been elected 
Chairman of New York Chapter of 
the American Society for Testing Ma- 
terials for the coming year. 

H. O. SIEGMUND presented a pa- 
per on electrolytic condensers before 
the meeting of the American Electro- 
chemical Society in Bridgeport, Con- 
necticut, on April 27. J. Н. Bower 
and J. C. Wright were also present. 

Е. В. WHEELER visited the Bureau 
of Standards in Washington on April 
26 to consult with Dr. Vinal regard- 
ing dry cell work. 

J. К. Townsenp has been ap- 


pointed Chairman of a special com- 
mittee on hardness testing of the 
American Society for Testing Ma- 
terials. 

J. К. TowNsEND AND Н. А. Ах. 
DERSON attended the meeting of the 
Committee on methods of testing of 
the A. S. T. M. at Philadelphia on 
April 27. 

J. M. WirsoN Амр J. D. Cus- 
MINGS visited the бетеп Rubber 
Company, Bridgeport, Connecticut. 
on May 4. 

H. A. ANDERSON was in Southing- 
ton, Connecticut and Phillipsburg, 
New Jersey in connection with the 
manufacture of linemen’s climbers. 


INSPECTION ENGINEERING 


R. L. Jones, D. A. QUARLEsS, Н. 
Е. Dopce, W. А. SHEWHART, О. S. 
MARKUSON AND P. S. OLMSTEAD rep- 
resented the Laboratories at a series 
of conferences held at Hawthorne 
during the week of April 16. They 
discussed application of statistical 
methods to product, and inspection 
problems on lead covered cable and 
telephone instruments. 

D. А. QUARLES AND S. H. ANDER- 
SON were at the General Electric 
Company's factory in Lynn, Massa- 
chusetts, the week of April 23 for a 
survey conference on “Р” type ring- 
ing and coin control generators. 

S. Н. ANDERSON visited the Buf- 
falo Gasoline Motor Company at 
Buffalo on April 18 to discuss stan- 
dardization problems of type “АТТ” 
emergency gasoline engines. 

E. С. D. PATERSON AND C. D. 
HockER visited the R. H. Buhrke 
Company at Chicago on April r3 and 
14 to examine processes in manufac- 
turing body belts and safety straps. 

E. С. D. PATERSON was in Boston 
on May 10 and її discussing prob- 
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lems involving extension ladders with 
engineers of the New England Tele- 
phone and Telegraph Company. 

O. S. MARKUSON visited the Che- 
mung Telephone Company at Sayre, 
Pennsylvania on May g to observe a 
cable installation. 

H. G. Eppy anp R. M. Moopy 
attended regular Survey Conferences 
at Hawthorne during the latter part 
of April and the first part of May. 
H. F. Kortheuer and T. Mellors were 
in Kearny and W. C. Miller was in 
Philadelphia during the same period 
attending similar conferences. 

А: С. DALTON, formerly of the 
General Installation Engineering De- 
partment of the Western Electric 
Company, has been transferred to 
the Inspection Engineering Depart- 
ment. Mr. Dalton will have charge 
of the Field Activities Groups of the 
Systems Inspection Department. 

W. E. Wuitworru has been ap- 
pointed Field Engineer in the terri- 
tories of the Northwestern Bell Tele- 
phone Company and The Mountain 
States Telephone and Telegraph 
Company, replacing J. M. Schaefer. 
Mr. Schaefer is returning to New 
York for a special assignment in field 
engineering work. Mr. Whitworth's 
headquarters will be in Omaha. 

К. J. NossaMAN visited Chicago, 
Omaha and Denver during May in 
connection with work of the field en- 
gineering group. 

J. A. Sr. CLAIR, Local Engineer at 
Atlanta, visited Macon, Georgia and 
several cities in Florida during April 
in connection with regular field work 
in his territory. 


OUTSIDE PLANT DEVELOPMENT 


К. L. Jones, S. C. MILLER AND J. 
A. CARR made studies of outdoor 


testing facilities for development 
work in Phoenixville, Pennsylvania 
on May 1. 

L. W. KErsav visited Bridgeport, 
Connecticut on May 9 in connection 
with development studies on molded 
insulating materials. 

C. D. HockzR visited Pittsburgh, 
Altoona and State College, Pennsyl- 
vania and Sandy Hook, New Jersey 
between April 30 and May 3 to ex- 
amine zinc coated sheet products being 
tested by the American Society for 
Testing Materials. 

Е. Е. FARNSWORTH attended the 
Spring meeting of the American Elec- 
trochemical Society in Bridgeport, 
Connecticut on April 27 and 28. 

W. T. Hervey visited Providence 
during the early part of May in con- 
nection with development studies on 
insulators. 


SYSTEMS DEVELOPMENT 


L. EARL spent several days at Mon- 
ticello and Catskill, New York, mak- 
ing noise tests on the power plants 
prior to the cutover of new No. ІІ 
switchboards. 

Н. M. PRUDEN spent the last of 
April in Chicago testing 1000 cycle 
signalling equipment in the Long 
Lines Offices of the Illinois Bell Tele- 
phone Company. 

С. E. SOHNLE AND J. E. Cassipy 
arranged for the installation of an 
automatic carrier pilot channel sys- 
tem between Washington, D. C. and 
West Palm Beach, Florida. G. H. 
Huber, D. M. Terry and W. F. Ken- 
nenberg are conducting tests at vari- 
ous stations along the line. 

Н. J. FisHER has returned from 
London, England, where he has been 
making tests on transatlantic radio 
equipment. 
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W. M. SruART was in Boston 
April 9 to 11 investigating subscribers’ 
ringing conditions. 

G. R. VERNON visited the new step- 
by-step office at New London, Con- 
necticut on April 23 and 24. 

J. Irish spent the last week of 
April at Hawthorne to promote 
closer relations between drafting 
practices of the Laboratories and the 
Hawthorne Works. 

C. A. SMITH AND L. P. BARTHELD 
visited the new Cleveland Toll Office 
in connection with tests and studies 
on toll equipment. ` 

A. E. PETRIE AND V. Т. CALLA- 
HAN were in Buffalo April 17 and 18 
testing a new 6 cylinder Buffalo gaso- 
line engine. 

J. L. Larew AND Н. KzPPicus 
visited the toll offices at Utica and 
Syracuse to make noise tests in the 
repeater equipment. 


RESEARCH 


Н. Н. Lowry made two visits to 
the coal fields in the neighborhood of 
Wilkes Barre from April 18 to 20 
and from April 24 to 26. 

B. L. CLARKE AND К. К. DARROW 
attended the Spring meeting of the 
American Chemical Society held at 
St. Louis, April 15 to 20. 

К. M. Burns, C. L. HIPPENSTEEL, 
C. A. KorTrTERMAN, L. E. KROHN, 
А. С. RUSSELL AND J. V. VOORHEES 
attended the Spring meeting of the 
American Electro-Chemical Society 
held in Bridgeport, Connecticut, from 
April 26 to 28. 

W. C. Erris was at Hawthorne 
from March 31 to April 23 їп con- 
nection with metallurgical work 
which ts being carried on out there. 

С. Н. С. Gray sailed May 12 on 
the Majestic for a three months stay 
in Paris where he is to supervise the 


installation of the European Master 
Telephone Transmission Reference 
System which is a replica of the 
American System adopted a year and 
a half ago. The European Reference 
System is to be installed in the Con- 
servatoire Des Arts and Mletiers 
under the jurisdiction of the Comite 
Consultatif International Des Com- 
munications Telephoniques a Grande 
Distance. 

J. B. Кеілү AND R. L. WEGEL at- 
tended a meeting of the American 
Otological Society in Washington on 
April 30 and May 1. 

К. M. Burns, with F. F. Farns- 
worth of Outside Plant Development, 
discussed the corrosion of cable sheath 
in concrete conduits before a regional 
meeting of the А.І. E. E. ас Balti- 
more on April 18. 

J. A. BECKER was elected a Fellow 
of the American Physical Society on 
February 28 and a Fellow of the 
American Association for the Ad- 
vancement of Science on April 22. 

R. W. WATERMAN was in Gulf- 
port, Mississippi, from April 8 to 26 
in connection with the study of wood 
preservation now being made in con- 
junction with the Gulfport Creosot- 
ing Company. 

H. FLETCHER visited the Southern 
Bell Telephone Company їп Atlanta 
in connection with his work on audio- 
metric problems. 

А LARGE DELEGATION from the 
Laboratories attended the two recent 
scientific meetings held at Washing- 
ton: the annual meeting of the Ameri- 
can Section. of the International 
Union of Scientific Radio Telegraphy 
held on April 19 and the Washington 
Meeting of the American Phvsical 
Society held from April 20 to 21. At 
the former meeting J. W. Horton 
and W. A. Marrison presented a 
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paper on “Thermostat Design of 
Frequency Standards" and H. T. 
Friis gave the general report of the 
Chairman of the Committee on At- 
mospherics. At the meeting of the 
American Physical Society, there 
were papers by R. R. Riesz on ‘‘Dif- 
ferential Intensity Sensitivity of the 
Ear", C. J. Davisson and L. Н. 
Germer on “The Refraction of Elec- 
trons by a Crystal of Хіске!”, J. M. 
Еріп on “Thermionic Activity, 
Evaporation, and Diffusion of Barium 
in Tungsten", T. C. Fry and Н. Е. 
Ives on “Тһе Voltage Current Rela- 
tion in Central Cathode Photo-Elec- 
tric Cells’, and H. E. Ives, A. L. 
Johnsrud and A. R. Olpin on “The 
Distribution in Direction of Photo- 
Electrons from Alkali Metal Sur- 
faces". Н. E. Ives also gave an after- 
dinner talk on “Back Stage in Tele- 
vision" before the American Physical 
Society. 

К. M. Burns opened the round 
table discussion of “Тһе Corrosion 
of Lead Cable Sheath" at a meeting 
of the New York Section of the 
American Electrochemical Society on 
May 18. 

L. H. GERMER addressed the New 
York Microscopical Society on “Тһе 


Diffraction of Electrons" on May 4. 
GENERAL STAFF 


5. P. GRACE spoke on inverted 
speech and recent discoveries and in- 
ventions of the Laboratories before 
the Dayton Engineers’ Club at Day- 
ton, Ohio, on May 8, the Western 
Society of Engineers in Chicago on 
May 14, the Pennsylvania State Tele- 
phone and Traffic Association at Har- 
risburg, on May 16, and the Up-State 
Telephone Association of New York 
at Rochester, on May 24. 

С. F. FOWLER gave a talk on liquid 
air and a demonstration before a 
group at Pioneer Lodge, 70, F. & A. 
M., Hackensack, on Friday evening, 
May 1. 

R. A. DELLER spoke before the 
Students’ Training Class of the New 
York Telephone Company on April 
28, on the subject of television. 

R. W. KiNG addressed the En- 
gineers' Society of Milwaukee on 
May 16, and the Electrical League of 
Milwaukee on May 17, on television. 

“THE Macic or COMMUNICA- 
TION" by John Mills is one of the se- 
lections in a volume of literature for 
junior high schools, published by 
Bobbs-Merrill. 
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Vail Medal Awards 


еле о 


NE gold and five silver medals have been awarded by the National 

Vail Medal Committee to men and women selected from the fiftv- 

four to whom bronze medals were awarded during 1927 by As- 
sociated Companies of the Bell System. 

To be selected for National Vail Medal recognition an act must have 
for its objective the accomplishment of something of real value in the pub- 
lic interest through the medium of Bell System facilities, organization, train- 
ing or experience, and must reveal to a high degree many, if not all, of the 
positive qualities of intelligence, initiative and resourcefulness, and usually 
courage, endurance and fortitude. 

Outstanding service rendered during the Mississippi flood was essential- 
ly the result of group organization and effort and accordingly does not offer 
the opportunity for individual awards as did the New England flood where, 
although the group performance was equally noteworthy and outstanding. 
the suddenness of the onset made emergency individual action vital before 
group action could be organized. 


AWARDS AND CITATIONS 


A gold medal, with a cash award 
of $500 to Fred F. Brown, Foreman, 
The Connecticut Valley Telephone 
Company, Bradford, Vermont. 


For courage, initiative and resourcefulness in 
restoring vital telephone service in a serious 
emergency, in face of grave personal danger. 

When the unprecedented rains in Northern 
Vermont in early November 1927 had turned 
the rivers into torrents of destruction which 
paralyzed activities in that section of the state, 
Foreman Brown and two fellow-employees set 
out on November 5 to clear at least one toll line 
into Montpelier, the capital city, which had 
been isolated. 

After driving twenty miles over back roads 
and high ground, they found that the lines were 
crossed where the Wells River had washed out 
a pole and left the tie wires tangled in the toll 
circuits. The cross could not be shaken out and, 
although the river was a rushing torrent filled 
with logs, trees and other debris and a fall 
would have meant almost certain death, Brown 
hooked his safety strap over the four wires and 
rode out on what was then a two hundred and 
sixty foot span, untangled the ties which caused 
the cross and, when one wire broke as he 
started back, rode the remaining three back to 
the pole in safety. 


The circuit which he restored was immediate- 
ly put into service for official use of the state 
authorities and was of vital importance in the 
organization of the relief work and in giving 
accurate news to the outside world. 


A silver medal, with a cash award 
of $250, to William Foster Owens, 
Manager, Rock Springs Telephone 
Company, Rock Springs, Texas. 


For initiative, courage апа resourcefulness 
in restoring vital telephone service at a time of 
disaster. 

In the evening of April 12, 1927, a tornado 
struck the town of Rock Springs, killing sixtv- 
five people and seriously injuring many more, 
destroying many homes and utterly isolating the 
little town. 

Mr. Owens saw his own house demolished 
and members of his family seriously injured. 
Leaving his family in the care of others, he 
proceeded to the edge of the devastated district 
where the toll wires were still intact. Remov- 
ing the telephone from a house nearby, he 
climbed a pole and connected to the toll line 
and called Kerrville, sixty miles away, notify- 
ing them of the disaster and asking for med- 
ical aid and supplies. Through the night this 
telephone afforded invaluable aid in organizing 
and speeding the relief program. 
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А silver medal, with a cash award 
of $250, to Mrs. Clara B. Pitkin, 
Agent, White River Valley Tele- 
phone Company, West Hartford, Vt. 


For fortitude and devotion to public service 
in the face of grave personal danger. 

During the evening of November 3, 1927 
when unprecedented rains had caused severe 
floods in Northern Vermont and the White 
River was a raging torrent, Mrs. Pitkin was on 
duty at the switchboard in her home on the 
bank of the river. She began to receive ever 
more urgent calls for help and, although she 
saw her neighbors! houses washed away by the 
flood and knew that her own home was in 
serious danger, she remained at the board, 
doing her best with failing lines to give all 
possible warning and to send help where 
needed. She warned all subscribers in the 
valley whose lines were still working and all 
except one family escaped. 

Although she was repeatedly urged to leave, 
she remained until all her lines had failed and 
only then made her way across the road to 
higher ground ten minutes before the highway 
was flooded with rushing water. А few hours 
later the house was washed away by the flood. 


A silver medal, with a cash award 
of $250, to Patrick B. McCormick, 
Agent, New England Telephone and 
Telegraph Company, Becket, Mass. 


For fortitude, initiative and devotion to pub- 
lic service despite grave personal danger. 

Unprecedented rains їп Western Massachu- 
setts early in November, 1927 had swelled the 
rivers and streams to torrents and it was feared 
that the dams in the vicinity of Becket would 
go out and cause great destruction. About four 
o'clock in the morning of November 4, when 
McCormick was notified that the nearest dam a 
mile above the town would doubtless fail, he 
notified every subscriber in the valley, warned 
them to leave, and asked them to notify those 
who had no telephones. He sent his own fam- 
ily to safety in the hills and, realizing that some 
of the residents would remain despite his earlier 
warning, stayed at the switchboard in his home, 
in constant telephone communication with peo- 
ple at the dam, to receive and transmit the final 
warning. 

The dam went out at six o'clock and after 
notifying all who had remained he started 
warning all the towns in the path of the danger. 
This task completed, his escape was cut off and 
he was forced to remain, while houses and 
trees were torn up and carried past and his 
own home was flooded and the switchboard 
put out of order. 


As soon the the water began to recede he 
climbed a pole, cut in on the toll line with his 
test set, and gave to the outside world the first 
call for relief. 


A silver medal, with a cash award 
of $250, to Mrs. Mary Elizabeth Al- 
gor, Agent, New Jersey Bell Tele- 
phone Company, Holmdel, М. J. 


For initiative, resourcefulness, 
and devotion to public service. 

While on duty in the evening of April 4, 1927, 
she was notified by the Central Complaint Desk 
in New York City that a woman whose address 
was Wickatunk, N. J., had purchased a pre- 
scription for eye drops in a drug store in the 
city but by mistake had taken away a bottle 
of acid. Mrs. Algor learned by inquiries that 
the woman was the sister of a local resident 
and, receiving no answer on his telephone, she 
called her relief operator to take her place so 
that she might drive to his home three miles 
distant. Meanwhile, however, she saved price- 
less minutes by calling various subscribers in 
the vicinity and reaching one who went to the 
house and reported the brother was away for 
the night. 

Recalling that earlier in the day this brother 
had called another brother in New York, she 
located the New York brother’s residence 
through a New York City directory, called him 
quickly and found that the sister was there and 
Just about to use the acid which she supposed 
was the prescription for her eyes. 

Mrs. Algor’s resourcefulness and persistence, 
and her intelligent use of the telephone facil- 
ities were directly responsible for the saving 
of the woman’s eyesight. 


persistence 


A silver medal, with a cash award 
of $250, to Horace Е. Roby, Super- 
intendent of Traffic, New England 
Telephone and Telegraph Company, 
Montpelier, Vermont. 


For conspicuous initiative, resourcefulness 
and accomplishment in the service of the pub- 
lic at a time of disaster. 

When on the evening of November 3, 1927 
Montpelier was cut off from all communication 
by a devastating flood, he assisted city, state 
and other authorities in the initiation of mea- 
sures for rescue and relief through the greatest 
possible emergency use of almost totally crip- 
pled telephone facilities and made unique emer- 
gency utilization of the first toll circuit to be 
restored in transmitting messages from the flood 
victims to their anxious friends and relatives. 
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Club Notes 


The Spring Golf Tournament will 
be held on two Saturdays in June at 
the Salisbury Country Club, Salisbury 
Plains, Long Island, in two rounds, 
each consisting of eighteen holes of 
handicap medal play. Оп June 2, 
twenty-eight golfers will be qualified 
for the finals which will be played on 
June 9. These will be divided into 
two classes based on scores of the 
qualifying round. The fourteen low 
gross scores will gain entry to class 
A and the remaining fourteen best 
net scores will make up class B. The 
players in each class will be divided 
into flights of seven 
each. The prizes for 
the qualifying round 
will be two medals: 
one for low gross 
score and one for low 
net score. In the 
finals a first and 
second prize will be 
given in each of the 
four flights. The 
value of these prizes 
will be the same for each flight. In 
addition to the prizes mentioned, two 
Elgin wrist watches will be given for 
the low gross score in both A and 
B classes on June 9. 


BASEBALL 


To date the Laboratories’ team in 
the Bell System League has been suc- 
cessful in all of the games played. On 
Tuesday evening, May 1, they de- 
feated the. team representing the 
Western Electric Company, 195 
Broadway, by a score of ten to one, 


and on Friday evening, May 11, they 
defeated the Western Electric Com- 
pany, Telephone Department, by a 
score of seven to four. 

Admission is free to all league 
games and bus service will be pro- 
vided if enough requests are received 
by the Club Secretary. 

In the Interdepart- 
mental League which N 
opened on Saturday, 
May 5, with a double IÈ 
header, Telephone 
Systems Department `. 
defeated the Tube 
Shop and the Ring- 
ers’ team composed 
of men from the Commercial, Re- 
search and Apparatus Development 
Departments defeated the Plant and 
Shops team. 


BELL SYSTEM ATHLETIC LEAGUE 


At a meeting held on Wednesday, 
May 9, the Bell System Athletic 
League of New York was organized 
for the purpose of promoting inter- 
company athletics among the em- 
ployees of the Bell System in the Met- 
ropolitan district. The officers elected 
to serve until June 30, 1929 are: 


President—D. D. Haggertv, Bell Laboratories. 

Vice-President—R. S. Kirkwood, N. Y. Tel. 
(Manhattan). 

бесгетату--Е. Н. Straus, М. Y. Tel. (Long Is- 
land). 

Executive Committee— 
C. Stoll—W. E. Co.— Telephone. 
J. B. Stevens—W. E. Co.—Gen. Headqrs. 
S. A. Henszey —W. E. Co.—Installation. 
E. R. Schoen—A. T. & T. Co. 


In 1926 the first Bell System Base- 
ball League was organized and was 
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followed in that year by the organi- 
zation of a chess league and a hand- 
ball league. So successful were these 
activities that they were continued in 
1927 and in September 1927 a bas- 
ketball league of eight teams was or- 
ganized. 

With the start of 1928 baseball 
season when fourteen teams applied 
for admission into the league, and 
with the same number of them likely 
to apply for admission into the bas- 
ketball league, steps were taken to 
bring all the intercompany activities 
under the supervision of one organi- 
zation. After a careful study the ath- 
letic league was organized, whose 
plan it is to promote intercompany 
competition in baseball, basketball, 
chess, track, handball and bowling. 


lRACK AND FIELD MEET 
The Bell System Athletic League 


will hold an Intercompany Track and 
Field Meet at Erasmus Hall Ath- 
letic Field, Brooklyn, on Saturday 
afternoon, June 16, 1928. 


The program will include: 


For Men 
100 Yard Dash Broad Jump 
220 Yard Dash High Jump 


Novelty Race 
Mile Relay Race 


440 Yard Dash 
880 Yard Run 


Shot Put Tug of War 
For Women 
60 Yard Dash т) Mile Relay Race 


Basketball Throw 


Fourteen branches of the Bell Sys- 
tem in the metropolitan district will 


compete in this set of games, each 
limited to three entries in all events 
but the tug of war and relay race, in 
which the competing organizations 
will enter one team apiece. 

General admission will be fifty 
cents. Games will start promptly at 
2:00 P.M. Tickets may be purchased 
from your Departmental Represen- 
tative or in Room 164. 


BOWLING 


The Bell Laboratories Bowling 
League officially closed its seventh 
season on April 16, with the custo- 
mary bowling party which was held 


this year at the Hotel Manger, and 


the Winter Garden. Following the 
dinner, for which the entire main din- 
ing room of the hotel had been re- 
served, Mr. Craft distributed the 
bowling prizes. Individual gold med- 
als were awarded to A. Muller, J. L. 
Sherry, W. H. Berthold and A. G. 
Kobylarz. 

The attendance of. two hundred 
people at the party and the fact that 
all those wishing to attend could not 
be accommodated, indicates that in- 
terest іп bowling continues to in- 
crease. Chairman Gilson іп report- 
ing on his stewardship of the bowling 
league affairs stated that out of one 
hundred and forty men, each bowling 
twenty-eight nights, there had been 
only five absentees. Не also stated 
that the Women's Group inaugurated 
during the past season was proving 
a popular innovation and inferred 
that next season might see additions 
to the League which would make it 
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the largest in the Metropolitan Dis- 
trict. 

The trial season of the Women's 
Group. during which four teams 
bowled each Fridav for six weeks, 
ended April 13. In the distribution 
of the season's prizes, seven indi- 
viduals were rewarded: for three 
highest averages — Catherine Wales, 
Anna Wells, Florence Baker; for 
three highest scores — Natalie Skin- 
ner, Margaret Horne, Elsie Hacker. 
А prize tor the greatest improvement 
in average was awarded to Mandy 
Reinbold. The team prize was won 
by the Pencils whose record was up- 
held by Anna Wells, Mandy Rein- 
bold, Natalie Skinner, Margaret 
Horne and Josephine Pagano. 


GLEE CLUB 
The Bell Laboratories Glee Club 


closed its official season on May 7, 
1928, after fifteen successful weeks 
under the guidance of Mr. L. К. 
LeJeune, its professional director. 

The Glee Club has planned an in- 
formal post-season program, the 
members meeting on Mondays at 5:10 
in Room 198. Regular activities will 
be resumed in the tall. А cordial wel- 
come to participate is extended to 
those interested in singing. 


BRIGHTON ВЕАСН TICKETS 


During the last three swimming 
seasons the Club has obtained for its 
members tickets for the Brighton 
Beach Baths at one-half the regular 
rate. This privilege will be available 
during the 1928 season to all mem- 
bers and their friends who wish to 


effect a decided saving by purchasing 
these tickets through the Club. Tick- 
ets for Saturdays may be had tor 
hfty cents instead of one dollar and 
tickets for Sundays and holidays may 
be obtained for one dollar instead ot 
two. Your Departmental Represen- 
tative can supply you with as many 
tickets as you want. 


WOMEN’S CLUB NOTES 
Гхгоок GoLF TOURNAMENT 
The Women's Indoor Golf Tour. 


nament held April 10 was contested 
by eighteen members, a number ot 
whom experienced their first attempt 
atthe game. The qualifying round ot 
eighteen holes of medal play was won 
by Marjorie Joseph with a score ot 
44. In the final round of thirty-six 
holes, she entered as scratch plaver 
and each of the other entrants was 
allowed a handicap of three quarters 
of the difference between her own 
and the scratch score. Five prizes 
were awarded for the best scores to 
Marion Mason, Natalie Skinner. 
Mary Crawford, Marie Boman and 
Marianne Grimm. 


BRIDGE TOURNAMENT 


The Women’s Bridge Tournament 
which afforded much enjoyable com- 
petition to its participants concluded 
the meetings of the Bridge Club until 
the fall. At the close of the Tourna- 
ment, on April 24, May Murtagh 
was pronounced winner and Edna 
Haunfelder second highest. The 
average attendance on individual 
nights was four tables. 
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Research Methods 


By FRANK B. JEWETT 


Excerpts from a Talk before the Annual Meeting of tbe Highway Research Board, 
National Research. Council 


IMAGINE that a large part of 
the population who give any 
thought to it think of research in 
the physical sciences as something 
new among man's activities. As a 
matter of fact, it is not at all a new 
thing. Research work in its broadest 
sense has been going on for centuries. 
Every engineering problem that was 
ever undertaken, which required the 
planning of some new thing, involved 
some form of research work. 

There has come about within the 
last two hundred years a realization 
that to get authoritative and lasting 
results one has to perform experi- 
ments based on a well-considered 
plan, worked out from the experience 
of the past, and so controlled that 
data can be capable of definite in- 
terpretation. Опе of the hardest 
things we research people and en- 
gineers have to contend with is the 
temptation to draw conclusions from 
complex experiments or experience in 
terms of only a part of the factors of 
the problem. Even in our modern 
institutions and industrial research 
laboratories, equipped with the best 
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means and men available, we find this 
tendency continually cropping up. Re- 
sults are stated with a complete 
knowledge of only part of the fac- 
tors, and sooner or later we realize 
that our conclusions were unjustified' 
because of neglected factors which 
have played an appreciable part in 
the results. 

Engineers and scientific people 
alike do this sort of thing, not con- 
sciously but unconsciously. To get a 
result that means anything, in most 
cases one must so control his investi- 
gation that but one factor is variable 
at a time. If you have two, it is very 
dificult to interpret your result as 
between the two factors. If you have 
three or more, it is practically impos- 
sible. Yet this is attempted every 
day, usually with the result that pro- 
gress, when it comes at all, comes 
from doing a thing over and over 
again, until by statistical methods we 
arrive at some sort of an approxima- 
tion to the truth. 

There is another thing which we 
are very prone to do and that is to 
try out initial experiments on too 


1349} 


large a scale. Suppose you have an 
idea and perform an experiment on 
a large scale and the result does not 
come out as you thought it was going 
to; you do not know why it didn't, 
you do not know whether your as- 
sumption was wrong or whether fail- 
ure was due to unrecognized and un- 
controlled factors. Having decided 
what one wants to do and having 
made. an assumption as to the correct 
method of doing it, he must try it out 
on what is essentially а laboratory 
scale. It has to be tried out under 
conditions that, so far as is humanly 
possible, are precisely controlled to 
provide only a single variable factor 
in a given experiment. If at the con- 
clusion of that experiment we obtain 
results which are in line with our ex- 
pectations, we may fairly assume that 
the thing we started out to do can be 
done, at least experimentally. We 
may want to repeat the experiment 
once or twice under other conditions 
to make sure of our conclusions. We 
are then ready to start the next part 
of the experiment, namely to see if 
we can transfer this laboratory pro- 
cess into a large scale operation. 

I have seen experiments started on 
the supposition — and I am afraid I 
have been guilty myself at times — 
that certain operations can be launch- 
ed at once on essentially a commercial 
or large scale engineering basis be- 
cause they have worked on a small 
scale. If you can do a thing in a test 
tube in a laboratory under controlled 
conditions, you may be able to do it 
on a large scale, but not necessarily. 

In order to bridge the gap between 
small scale and large scale experi- 
ments, our method in the telephone 
industry has for years followed these 
lines. Let us assume that the problem 
in hand has for its end the design of 


a complicated piece of apparatus. The 
first experiments are primarily to 
check up the necessary fundamental 
physical or chemical characteristics or 
reactions. We have succeeded, let us 
assume, in checking our fundamentals. 
The next step in the process is to 
make a piece of apparatus which as 
nearly as possible conforms to the 
ideal requirements. It is the best we 
can do regardless of cost. We use 
the best machinery and the best men 
and the best materials we can to make 
this thing an ideal piece of apparatus. 
Any results we obtain with it are a 
test, not of the fundamental principles 
since these have already been checked, 
but are a test of our ability, with the 
tools at present at our disposal, to 
make a physical thing giving certain 
desired results. When this carefully 
made sample is tested under actual 
operating conditions, it is a ten to one 
chance that certain difficulties appear 
which our earlier and more funda- 
mental tests did not disclose. It 
means that we must make modifica- 
tions if we are going to use our funda- 
mental principles commercially. 
Finally, let us suppose we have an 
operating piece of apparatus made 
under this ideal condition but which 
is not at all commercial. For example. 
this particular piece of apparatus may 
have cost a thousand times what we 
know we can afford to pay for a large 
number of these pieces of apparatus 
used commercially. We have shown, 
however, that the thing can be done. 
The next step in the process is to 
build what we call tool-made models. 
These models conform as nearly as 
possible to the ideal thing but are 
made under commercial processes ap- 
plicable to large scale production and 
with ultimate cost considered. "Tests 
on tool-made models are not tests 
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of the fundamental thing пог of our 
ability to make one thing to conform 
to the ideal, but are tests of our abil- 
ity to make in a physical, economical 
fashion a large number of things cap- 
able of producing a desired result. 

It is only after we have gone 
through all three of these steps and 
have tried the tool-made models 
under service conditions and found 
them satisfactory that we feel safe 
in going into production on a huge 
scale and using the apparatus as a 
part of our standard equipment. 

This general process must be gone 
through with in one way or another 
in practically every line of industry 
where science is applied for practical 
purposes. 

Now, another thing. We have 
learned, particularly in the past thirty 
or forty years, that it is not always 
safe to neglect very small admixtures 
of foreign substances. This is par- 
ticularly true with regard to things 
chemical. There was a time not so 
long ago when a thousandth of a per 
cent or a hundredth of a per cent of 
a foreign body in a chemical mixture 
was looked upon merely as an in- 
cidental inclusion which could have no 
appreciable effect on the character- 
istics of the substance. We have 
learned in recent years that this is an 
absolutely erroneous idea. 

As somewhat approaching condi- 
tions of the problem which confronts 
you gentlemen, I might cite a situa- 
tion which developed in an undertak- 
ing of the Engineering Division of 
the National Research Council some 
years ago. In connection with the 
problem of marine borers, teredos 
and the like, a study was made of 
substitutes for wooden structures, 
particularly concrete. In the course 
of the work, industry all over the 


United States and Canada and 
abroad became involved, and it devel- 
oped from the extensive data gath- 
ered that concrete, good concrete or 
what people thought was good con- 
crete, when immersed in sea water 
was a very variable thing. ‘The re- 
cords show that some concrete struc- 
tures have stood up for an almost in- 
definite time, with very little deteri- 
oration. Yet right alongside of them 
other concrete structures, presumably 
made in exactly the same way, had 
gone to pieces in a very short time. 

Investigation pointed to the conclu- 
sion that this variation was not so 
much due to variations in the me- 
chanical processes of mixing the con- 
crete as it was due to chance variation 
of composition in the cement, sand 
and stone employed. Although dif- 
ferent cements might be nearly alike 
chemically, they probably reacted 
slightly differently when submerged in 
sea water, and similarly with the 
other ingredients. The trouble, where 
trouble occurred, really went back to 
the raw materials used in making the 
concrete and their chemical composi- 
tion. It seemed clear that no satis- 
factory answer to the problem of con- 
crete structures in sea water could be 
hoped for until light was thrown on 
the constituents of the materials. 

I am citing these instances to em- 
phasize that experience teaches us to 
use extreme caution. Good engineer- 
ing practice must be based on conclu- 
sions drawn from controlled experi- 
ments where one variable at a time is 
involved, and frequently the variables 
are ingredients present only in great- 
ly attenuated amount. 

Finally, coming back to the prob- 
lem which confronts you gentlemen, 
we have a situation so vast in its en- 
tirety and so diverse in its ramifica- 
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tions that only by some form of gen- 
eral cooperative attack can we hope, 
I believe, to make the progress which 
the world demands. It seems to me 
that sooner or later under the aus- 
pices of a group like yourselves, we 
must work out a scheme of cooperat- 
ive research involving all of the ele- 
ments required in the whole problem 
of road planning and road building, 
for in this way can we best study and 
evaluate the innumerable factors 
which enter such a complex problem. 

[f you are going to make conspicu- 
ous progress throughout this whole 
art of road building — which has be- 
come one of our largest concerns and 
one of the greatest needs of the coun- 
try — you must, I believe, devise some 


very comprehensive mechanism for 
focusing the widely scattered knowl- 
edge and skill of the highway en- 
gineer, the chemist, the physicist, the 
geologist, and other scientific men in 
the universities and industrial labo- 
ratories. And granting that your 
problem is one which calls for a co- 
operative attack, I know of no better 
agency under which to bring about 
such cooperation than this very body 
of which you are a part. The Na- 
tional Research Council is known to 
be a national body without an ulterior 
motive of self-interest —a body de- 
signed for service along scientific lines 
for the population as a whole. As 
such its reports and conclusions carry 
great weight. 


“The Devil Machine’ 


Among the many letters received at Whippany in praise of 
its test transmissions, is one from Mr. D. К. Gowen, Manager 
of the Hudson's Bay Company station at Fort Good Hope, 
Northwest Territories, Canada. Mr. Gowen’s interest іп 
radio reception is intensified by the fact that only four mails a 
year reach the settlement, and the eight white men «ho com- 
prise its population depend almost entirely on programs from 
broadcasting stations thousands of miles away for news bul- 
letins and information. The Indians іп the radio audience find 
the emanations from the loudspeaker a never-ending source 
of awe. To them, the radio is “The Devil Machine.” 
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A Short-Haul Carrier System 


By H. S. BLACK 
Systems Development Department 


HE type “C” carrier tele- 

phone system is essentially a 

long-haul multi-channel sys- 
tem which will add three high-grade 
circuits to the facilities afforded by a 
single pair of wires. Ít is capable of 
operating over distances in excess of 
1,000 miles, if desired, and is not in- 
frequently economical for use on cir- 
cuits as short as 100 miles. While 
this system thus satisfies the relatively 
long-haul circuit demands, there is 
also a considerable field for a cheaper 
system designed particularly for cir- 
cuits between 50 and 200 miles in 
length. A single-channel system, the 
type "D", has been designed for this 
purpose. It can be operated over No. 
I2 gauge (.104) open wire lines 
about 135 miles long with liberal al- 
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lowances for such losses as may be 
encountered in the toll entrance cables 
at each end. 

Outstanding among the require- 
ments for the proposed system as 
formulated by the engineers of the 
American Telephone and Telegraph 
Company were low first cost, simpli- 
fied installation, minimum mainte- 
nance, good volume and fidelity of 
reproduction of transmitted speech, 
and relative freedom from all types 
of interference. In addition it was 
necessary that the new system could 


Editor's Note: The definitive technical presen- 
tation of the Type D Carrier System will be 
made in a paper to be presented jointly by the 
present author, апа M. L. Almquist and L. M. 
Ilgenfritz of the American Telephone and Tele- 
graph Company before the 4.1. E. E. at Spokane 

їп August next 
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Fig. 1— Equipment symbolized inside the dotted lines is that for the D-1 System 
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be coordinated with other types of 
carrier systems present and future. 
From the design standpoint these 
requirements called for the use of a 
minimum of apparatus, and the sub- 
stitution of less expensive materials 
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Fig. 2— Modulator circuit of the D-1 System 


wherever possible. Ease of manufac- 
ture and control of product had to be 
considered. To reduce maintenance, 
few adjustments should be required 
and these should be made at the fac- 
tory in order to simplify installation. 

А system which met these require- 
ments was developed and tested in the 
Laboratories. Following this work 
two models were placed at the dis- 
posal of the American Company for 
experimental studies and for tests of 
various transposition schemes on lines 
between Linden and Byram, New 
Jersey. Two more models were in- 
stalled between Watertown and Syra- 
cuse, New York, for a commercial 
service trial. After successful com- 
pletion of the service trial, manufac- 
ture and use of the system were ap- 
proved for the more important ap- 
plications throughout all parts of the 
the Bell System. 

Technically, the Type D-1 single 
channel system is a self-oscillating, 
single sideband, two-carrier circuit 
employing only four vacuum tubes 
and a ballast lamp per terminal. The 
system as a whole is noteworthy be- 


cause of the reduction which has been 
effected in the number of circuit ele- 
ments. Among its new features are 
special methods of shielding, a new 
thousand-cycle relay, a new grid leak, 
and a new ballast lamp. Especially 
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developed for the modulator and de- 
modulator circuits are inexpensive 
paper condensers to replace the cus- 
tomary and more costly mica con- 
densers, and inexpensive inductance 
coils not potted. These contribu- 
tions, drawn from many groups of 
engineers, demonstrate anew how ad- 
vances in the art are aided by the 
diversified skill to be found in the 
Laboratories. 

Like all recent carrier systems, this 
one transmits in opposite directions 
on different frequencies. Westbound 
or southbound channels employ a 
carrier frequency of 10,300 cycles; 
transmission in the opposite direction 
employs 6867 cycles. These frequen- 
cies were selected for their bearing 
on transposition costs and to secure 
coordination with other types of car- 
rier systems. 

An ordinary two-wire telephone 
circuit is connected to each end of the 
system through a hybrid coil associ- 
ated with a network to balance the 
impedance of this two wire circuit. 
Voice currents from the two-way tele- 
phone circuit are directed into the 
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outward carrier channel, while voice 
currents from the incoming carrier 
channel are directed into the two-way 
circuit in such а manner that neither 
interferes with the other. 

The outward channel begins with 
a modulator— a device which dis- 
places the voice band supplied to it, 
without alteration of its relative fre- 
quency intervals, to a higher position 
in the frequency spectrum. Instead of 
a group of frequencies in the voice 
range, we now have two groups — the 
two sidebands— one extending up, 
the other down, from the carrier- 
frequency as illus- 
trated in Figure 4. 

An outstanding fea- 
ture of the Type D-1 
system is found in its 
modulator which in- 
cludes the carrier-fre- 
quency generator with- 
in itself. Complete 
scission of the two 
functions of oscillation 
and modulation is no 
longer considered 
necessary. Thetwo 
tubes of Figure 2 
working in parallel 
generate carrier oscil- 
lations whose fre- 
quency is controlled by 
the tuned circuit LC. 
The carrier-frequency 
output of the two tubes is coupled to 
the grid circuit and applies the same 
alternating voltage to each grid. This 
voltage is amplified by the tubes and 
the circuit oscillates stably in the cus- 
tomary manner. During a small por- 
tion of each positive half-cycle of the 
carrier wave, the grids are positive 
to the filaments as indicated by the 
black areas of Figure 3. During this 
period, electrons are drawn to the 
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grids. From the grids they gradually 
flow back to the filament through the 
high resistance leak G', thereby estab- 
lishing a steady negative grid bias 
(Figure 3). 

With respect to the carrier oscil- 
lations, the tubes are in parallel but 
the primary windings of the output 
transformer are in opposition. Car- 
rier oscillations, therefore, will not 
appear in the secondary of the trans- 
former for transmission to the line. 
However, with respect to the voice- 
frequency band, the tubes and trans- 
formers form a push-pull circuit. The 
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Fig. 3—Production of carrier-frequency oscillations. by 


the oscillator-modulator tubes 


output of this circuit consists of three 
main parts — an amplified copy of the 
original voice currents, and two side- 
bands which are products of modula- 
tion. Only one of these sidebands — 
the lower опе— 15 transmitted, all 
other frequencies being rejected by 
the output filter. This filter also re- 
jects the sideband coming in fram 
the distant terminal and diverts it 
into the demodulator circuit. 
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Interposed between the terminal 
apparatus and the line is another filter 
which passes carrier currents in both 


А single terminal equipment, mounted on 
a floor-ty pe unit 


directions but rejects the low fre- 
quency talking and signalling currents 
of the voice-frequency circuit on the 
same pair of wires. It is of great im- 
portance that these filters have the 
proper impedance to the currents 
which they are intended to pass, 
otherwise reflections will occur, and 


crosstalk with other systems on the 
same pole line will be seriously in- 
creased. Hence the design of these 
filters was one of the major problems 
in the development. Shielding was 
accomplished by sealing these filters 
іп copper containers; thus interaction 
between adjacent filters was reduced 
to less than one part in a million. 

At the receiving end, the sideband 
Is transmitted without very great at- 
tenuation through the high-pass filter 
and demodulator band filter. The 
demodulator circuit is, in principle. 
a counterpart of the modulator cir- 
cuit and oscillates at the same fre- 
quency. The sideband being impressed 
on the grids along with the local os- 
cillations, there result in the output 
coil three principal groups of fre- 
quencies; an amplified copy of the 
sideband; a group of currents of still 
higher frequencies; and a group 
which is a duplicate of the original 
voice-frequency band. The first two 
groups are suppressed by the demod- 
ulator low-pass filter and only the 
voice-frequency band reaches the hy- 
brid coil and ultimately the listener. 

In the tuned circuit of the modu- 
lator are paper-insulated condensers 
having a number of taps. This per- 
mits adustment of the modulator 
frequency in steps of ten cycles. In 
the demodulator circuit an additional 
tapped condenser permits the oscil- 
lating frequency to be adjusted so as 
to agree with that of the distant mod- 
ulator to within one cycle per second. 
The oscillating circuits are carefully 
adjusted at Hawthorne and are syn- 
chronized after the installation of the 
system. 

Filaments of the modulating and 
demodulating tubes— four in all at 
each terminal — are connected in se- 
ries with a retardation coil, a ballast 
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lamp, and the central office battery. 
Although the battery voltage may 
vary in the course of the day between 
twenty and twenty-eight volts, the bal- 
last lamp holds the filament current 
variations within satisfactory limits. 
The method of signalling corre- 
sponds, in general, to standard voice- 
frequency signalling methods in cur- 
rent use on toll circuits, with the ex- 
ception that no thousand-cycle gener- 
ator is required. Twenty-cycle ring- 
ing current from the toll switchboard 
is received by the signalling unit at 
the sending end, where it operates a 
relay chain. This relay chain serves 
to lower the frequency of the carrier 
oscillations by a thousand cycles and 
unbalances the modulator so that the 
carrier current may be freely trans- 
mitted to the line. Simultaneously 
the modulator output is short-cir- 
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Upper panel carries signalling apparatus of 

the D-1 Carrier System; lower panel 

carries, on the side shown, the demodu- 
lator circuit 


Reverse of lower panel, showing the mod- 
ulator circuit 


cuited twenty times a second, so that 
the net result of an outgoing twenty- 
cycle signal is to transmit spurts of 
carrier current over the line. At the 
distant end the received carrier cur- 
rent differs by one thousand cycles 
from the local oscillations, so it ap- 
pears in the demodulator output as 
thousand-cycle current interrupted at 
a twenty-cycle rate. This current 
after selection and amplification op- 
erates a thousand-cycle relay. If the 
rate of interruption of the 1000- 
cycle signal differs but little from 
twenty cycles, if the amplitude of the 
received signal exceeds a predeter- 
mined value, and if the signal endures 
for at least one-half second, then a 
chain of relays is operated and twen- 
ty-cycle ringing current from a local 
source is connected to the toll switch- 
board. These safeguards make the 
signalling system practically free from 
false operation on speech components 
but do not interfere with its reliabil- 
ity for signalling. | 
Supplementing the development :п 
our Laboratories of the terminal 
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equipment, an economical scheme of 
transpositions has been designed by 
the engineers of the American Tele- 
phone and Telegraph Company which 
will permit the operation of a num- 
ber of Type D-1 systems on the same 
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Fig. 4— Above, the location on the frequency spectrum of 
input and output currents of the modulator; below, how the 
band-pass filter eliminates all but the lower side band 


pole lead and which is also expected 
to provide coordination with a lim- 
ited number of Type C systems. One 
feature of this design is that it per- 
mits individual side circuits on an 
existing line to be retransposed as re- 
quired for carrier operation with a 
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minimum number of changes in the 
transpositions in other pairs not used 
for carrier operation. 

Terminal equipment of the Type 
D-1 carrier system is furnished in two 
forms. One of these is for mounting 
two systems on a relay 
rack bay of standard 
height. The other, a 
self-contained floor 
type unit, is adapted to 
installation on short 
notice, and it is pos- 
sible to cut a single sys- 
tem into commercial 
service a few hours 
after its arrival on the 
job. As an illustration 
of the utility of this 
general type of ser- 
vice, the discovery of 
oil in the vicinity of 
Amarillo and Borger, 
Texas, resulted in a 
sudden overload on 
the telephone facilities 
between those points. 
Using experimental 
parts mounted on cir- 
cuit-boards, together 
with other equipment 
furnished by Haw- 
thorne, the Labora- 
tories assembled and cabled a com- 
plete Type D-1 system in the course 
of a few days. Ten days after the 
system had been shipped from New 
York it was cut into commercial ser- 
vice and fifteen calls were routed over 
it during the first half hour. 
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Determining Short-Wave Paths 


By H. T. FRIIS 


Research Department 


HORT waves do not travel so 
directly to their destination as 
the very long waves of the 

transatlantic telephone service do. 
The existence of skip distances* was 
discovered when short waves were 
first being experimented with but 
there still exists a lack of complete 
information on the actual path they 
follow in journeying between two 
points. Efforts have recently been 
made, however, to obtain some of 
the missing information by determin- 
ing the direction in which the waves 
approach the receiving station. Com- 
plete information regarding the re- 
ceiving angle will greatly help the 
computation of the actual path; it 
will add to the understanding of 
factors affecting short wave trans- 
mission; and it will give data of value 
in designing receiving 
antennae. 

Two receiving an- 
tennae spaced a short 
distance apart will in 
general receive an in- 
coming wave at slight- 
ly different times de- 
pending on the direc- 
tion of reception. If 
the output of these re- 
ceivers is each con- 
nected to a pair of de- 
flection electrodes of a 
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cathode ray oscillo- A в 


graphf the pattern 
traced on the face of 
the tube by the stream 
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of electrons will be different for each 
direction of the incoming wave. In 
recent experiments a local oscillator 
was added to obtain a beat note of 
five hundred cycles with the incoming 
waves. This is necessary so that the 
signal may be amplified to operate 
the cathode ray oscillograph. 

The method of determining the di- 
rection of reception may be readily 
understood by reference to Figure 1. 
The two receivers R, and R, are at 
right angles to the direction of the 
transmitter whereas the local oscil- 
lator is in line with it. If the signal 


* [п an article in BELL LABORATORIES RECORD 
for June, 1927, Vol. IV, pp. 349-354, J. С. 
Schelleng discusses this phenomenon at some 
length. 

t For a general description of the Western 
Electric 224-4 Oscillograph used for the studies 
refer to BELL LaBoRATORIES Record for April, 


1926, Vol, 2, pp. 57-59. 
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Fig. Y— Arrangement of receivers and local oscillators for 
determining horizontal-plane angle of reception 
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is received in the vertical plane pass- 
ing through the transmitting station, 
the local oscillator, and the center 
of a line joining R, and R., there 
will be no phase difference between 
the received beat signal at R, and 
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that at К,, and the figure shown on 
the oscillograph will be a straight 
line as given at “А” in Figure 1. 
As the receiving angle increases 
through positions indicated as “В”, 
"C", “D”, etc., of Figure 1 the phase 
difference between the received sig- 
nal at R, and R, increases and the 
figures on the oscillo- - 
graph change as shown 
in Figure І. 

If, on the other 
hand, two receivers К. 
and R, are placed in 
line with the transmit- 
ter and the local oscil- 
lator as shown in Fig- 
ure 2 a phase differ- 
ence between them will 
also exist depending 
on the direction from 
which the received 
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signal arrives. In the arrangement of 
receivers of Figure 1 only the hori- 
zontal plane component of the recep- 
tion angle will produce a phase dif- 
ference between the two receivers. In 
the arrangement of Figure 2, how- 
ever, either a horizon- 
tal or vertical compo- 
nent of the angle of 
reception will produce 
a phase difference. If 
only angles in the hori- 
zontal plane are to be 
determined the set-up 
of Fig. т will give the 
data. То determine 
angles in a vertical 
plane both arrange- 
ments of receivers 
must be used together. 
Arrangement 2 is not 
suficient in itself as 
this arrangement is re- 
sponsive to a change 
of angle in either the 
vertical or horizontal plane. 

By using arrangements 1 and 2 to- 
gether, however, with receiver R. 
common to both, it is possible to de- 
termine both the horizontal and ver- 
tical components of the angle of re- 
ception. Extensive observations have 
been made using the British beam sta- 
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Fig. 3—Suggested way in which the shadow wall affects 


the receiving angle 
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поп СВК as the transmitter and 
much interesting data has been col- 
lected. It has been found that when 
daylight exists over the entire trans- 
mission path the horizontal angle of 
reception is small; the figure on the 
oscillograph is a straight line or a 
very thin ellipse. When the sunset or 
sunrise shadow-wall lies across the 
path of transmission, however, the 
angles increase at times to as much 
as thirty degrees, which seems to in- 
dicate a refraction of the short waves 
along the shadow wall. 

The vertical plane component of 
the reception angles varies from time 
to time and occasionally reaches as 
high as sixty degrees. In the mornings 
the figures would indicate small 
angles. Towards noon they would 
change rapidly showing much varia- 
tion in the height of the reflecting 
layer and this variation would con- 
tinue on into the afternoon. Occa- 
sionally large angles were found in 
the mornings also which indicated an 
extreme variability. So variable is 
this vertical angle that any regular 
laws of variation of height could be 
determined only after a very long 
series of observations. 

The possible significance of the 
horizontal component of the angle of 
reception is illustrated by Figure 3. 
The sunset shadow-wall is shown 
about half-way between the transmit- 
ting and receiving stations and the 
sketch shows how refraction alonz 
this line could account for the hori- 
zontal angles of reception noticed. 
To determine the actual laws of re- 
fraction at the shadow-wall, however, 
will require the collection of much 
additional data. 

In watching the patterns traced 
by the two cathode ray oscillographs 
it was noticed that they changed not 


only from straight lines to ellipses 
but in size as well. As there was no 
change in strength of the local oscil- 
lator this could mean only a fading 
of the received signal. In many cases 
there seemed to be a cycle from large 
to small figures taking from one to 
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Fig. 4— lllustration of fading effects due 
to reception of two waves at slightly dif- 
ferent angles 
five seconds. The small figures seemed 
at first very irregular in shape but 
careful observation proved that usu- 
ally they consisted of a small line or 
ellipse rotating rapidly one way or 

the other. 

These rotating figures and the con- 
stant change in the direction of recep- 
tion suggest that fading is caused by 
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changing wave interference. Two 
waves travelling by slightly different 
and constantly changing paths would 
suffer continually changing interfe- 
rence and produce a changing series 
of figures on the oscillograph. Figure 
4 shows such a series of calculated 
figures for two equal waves arriving 
at the angles given at the top. These 
calculated figures bear a striking re- 
semblance to the actual figures ob- 


served at times on signals from G B k. 
The signal figures are sometimes 
much more complicated but this may 
be caused by interference between 
more than two waves, or between two 
waves of different amplitude. Al- 
though fading of short waves тау be 
caused also by rapid changes in ab- 
sorption it is believed that changes in 
wave interference are by far the com- 
monest cause of this phenomenon. 
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The Terms of Settlement 


Whenever the purpose of life insurance is to supply protec- 
tion for dependents, the stipulations by the insured as to the 
terms of payment to the beneficiary are of paramount im- 
portance. Failure on the part of the insured to specify some 
plan of payment means the sudden placing of a large sum of 
money in the hands of the beneficiary for investment. It all too 
often happens that a widow and her insurance money are soon 
parted. One of the attractive features about the employees? 
insurance plan recently adopted by our Laboratories is that it 
stations in our midst an insurance expert whom we may consult 
in regard to such important matters as terms of settlement. 
This applies to those whose insurance antedates the plan as 
well as those «ho are coming in under it. So many plans are 
available that almost any combination of events may be intel- 
ligently anticipated. Neglect is inexcusable, since it means the 
throwing of heavy responsibilities on survivors «chen they are 
least able to bear it. 
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A New Non-Multiple P.B.X. 


By V. 1. CRUSER 
Systems Development Department 


HEN the need for private 
branch exchange service 
first originated most of the 


Telephone Companies designed their 
Own equipment and, as a result, a 
large number of different types were 
manufactured with an inevitably large 
manufacturing cost for each. How- 
ever, їп 1904 a non-multiple switch- 
board designed to meet the common 
needs of all the Associated Telephone 
Companies was developed and manu- 
factured. This switchboard was 
known as the No. 4 P.B.X. Since 
that time many changes in the design 
of both the framework and circuits 
have been made in order to keep this 
part of telephone equipment abreast 
of the other branches as the art of 
communication progressed. 

The demand for private branch 
exchange service grew rapidly and in 
1916 the 550 type non-multiple Р. 
B.X. was designed, with a framework 
improved both in appearance and con- 
struction, to replace the No. 4. The 
550-А and 550-B boards were de- 
veloped in -rapid succession. This 
type was made in three different sizes: 
one with a capacity for thirty station 
lines, another for eighty lines, and a 
third for 320 lines. In 1920 the de- 
sign was imodified to add dialing 
equipment so that the boards might 
work into dial central offices and the 
board was then called the 550-C. 

The 551 type P.B.X. switchboard, 
which replaces the 550-C, is a prod- 
uct of 1927. In the early part of that 


year the basic ideas for the new de- 
sign began to crystallize. The design 
was completed, the manufacturing 
plans laid, and the production tools 
made up before November, when pro- 
duction of the new boards began. Be- 
fore the end of the year the first lot 
was shipped and placed in service. 


The 551 type P.B.X. was designed 


Fig. 1— Front view of 551-4 P.B.X. 


without transmitter 


to improve maintenance conditions as 
well as to reduce the cost of manu- 
facture. The same operating features 
are employed in the new board as 
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were used in the 550-C. However, 
in place of the three different 550-C 
framework sizes, that is the thirty, 
eighty, and 320 line boards, the 551 
type P.B.X. is made in only two sizes 
but arranged for three capacities: 
the smaller size with a capacity for 
forty station lines, known as the 
551-А; and the larger, with a capa- 


Fig. 2— Rear view of 551-А with relay 
gate open showing the cord-weight protec- 
tion panel in place 


city for 320 lines, known as the 5 51-B. 
The large board may be equipped for 
a maximum of either eighty or 320 
lines. The capacity of the thirty line 
board was increased to forty lines in 
order to increase the demand for the 
551-A beard by absorbing a part of 
the demand for the discontinued 
eighty line size. 

In the new board strip-mounted 
jacks and lamps are used for the sta- 
tion lines. All apparatus inside the 


section, except the hand generator 
and ringing resistance lamp, is mount- 
ed upon a relay gate which makes the 
equipment immediately available for 
adjustment while the gate is closed 
and leaves the wiring fully exposed 
when the gate is open. The cord- 
weight protection panel is mounted оп 
the relay gate rather than being fixed 
in the section so that when the gate is 
open and work is being done on the 
cords or hand generator the gate 
wiring is still protected from damage. 

As the new type of P.B.X. was de- 
veloped, features were incorporated 
in it so that it could be manufactured 
on a progressive assembly basis in 
line with the general tendency for 
mass production. An assembly plan 
has been worked out in conjunction 
with the engineers of the Western 
Electric Company so that the interval 
of manufacture for the 551 is ap- 
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Fig. 3—Rear view of §51-A with gate 


closed showing relays mounted on outer side 
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preciably less than that of its prede- 
cessor. In place of carrying on the 
different phases of manufacture in 
various departments throughout the 
manufacturing plant, the new boards 
are completely assembled, wired, 
tested, inspected, and even crated in 
one department. All of these opera- 
tions are concentrated in one shop 
and are so timed that one follows on 
the heels of another, in proper order 
in the progressive assembly line. 
The framework for the new 
switchboard is made up of a minimum 
number of parts. Essentially it is 
formed of a floor, a roof, and two 
end panels of wood assembled to- 
gether by means of large bent angles 
of sheet steel screwed in the four cor- 
ners. To this are added the keyshelf, 
front panels, and rear door to com- 
plete the housing for the equipment. 
The rear equipment in both the 551-A 
and the 551-B is mounted upon the 
welded angle-iron gate. This gate is 
so placed in the framework that it 
not only serves to mount the equip- 
ment in a position easy for mainte- 
nance but, when locked in a closed 
position, reinforces the framework. 
One of the chief objects of the new 
design was to eliminate as far as pos- 
sible the repair work on the wood- 
work required after the boards are 
placed in service. After studying con- 
ditions at various branch houses it 
was found that the keyshelf and face 
of a P.B.X. were the first to become 
worn and that repairs on these parts 
made up the larger part of all frame- 
work repairs. To avoid this and to 


give the new boards a longer field 
life, both the keyshelves and the 
fronts of the 551 P.B.X.’s have been 
faced with phenol fibre rubbed a dull 
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Fig. 4— Front view of 551-B P.B.X. 


equipped with standard transmutter 


black which not only results in a 
pleasing rich appearance but provides 
a very hard and durable surface. 

As is so often the case, the devel- 
opment of this new P.B.X. has re- 
sulted in a board easier and cheaper 
to manufacture as well as one that 15 
more pleasing in appearance and that 
is easier to maintain in the field than 
the board it replaces. A 


oS 
8 


Some Early Cable T'erminals 


By A. F. GILSON 
Assistant Apparatus Development Engineer 


MONG the many problems 
A arising from the use of lead 
covered cables is that of pro- 

viding a suitable termination. The 
conductors of ordinary lead covered 
telephone cable are insulated with un- 
impregnated paper which is a very 
effective insulator when dry but a very 
poor one when wet. Measures must 
be taken, therefore, to prevent mois- 
ture from reaching the paper, and 
the lead sheath does this very ef- 
fectively. At the ends of the cable, 
however, where the lead sheath ends 
and the conductors are connected to 
line or distribution wires, or to other 


Fig. 1— Early 8-A cable terminal with protecting cover in 
place on the left, and with cover removed on the right 


cables where a sheath splice cannot 
be made, moisture could readily enter 
and impair the insulation if special 
steps were not taken to prevent it. 
Cable terminals are the devices used 
for this purpose and many types have 
been developed to meet a large vari- 
ety of requirements. 

. The first solution of the terminal 
problem was direct and simple. А 
lead sleeve somewhat larger than the 
sheath of the cable and perhaps fif- 
teen inches long was slipped over the 
end of the cable and slid back a few 
feet to be temporarily out of the way. 
The cable sheath was then cut back 
a short distance, the 
wires spread out, and 
paired rubber-covered 
wires were spliced on 
to them. Following 
this the loose sleeve 
was moved back till it 
covered the splices and 
the cable end of it was 
formed around the 
sheath and a straight 
wiped joint was made 
to prevent the en- 
trance of moisture. 
The sleeve was then 
filled with a sealing 
compound which after 
cooling was covered 
with a layer of asphalt 
compound as a further 
seal against the en- 
trance of moisture at 
the open end. In con- 
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nection with the pothead the Tele- 
phone Companies used various types 
of boxes equipped with connecting 
blocks or fuse mountings to which 
the wires from the pothead were con- 


Fig. 2— Diagrammatic sketch showing 
method of forming pothead 


nected. The drop wires were then 
run from these connections to the 
subscriber’s stations. 

The pothead, as it was called, ac- 
complished its purpose of protecting 
the interior of the cable from mois- 
ture and did it very simply. It has 
certain obvious failings, however, 
which another early type, called seal- 
ed chambers, attempted to avoid. 
These were iron chambers mounted 
їп wooden boxes, the former being 


provided at the bottom with brass 
nipples through which the cable en- 
tered and to which its sheath was 
soldered to exclude moisture. 
Through the side walls of the cham- 
ber extended insulated binding posts 
and the conductors of the cable were 
fastened to their inner ends. After 
all the connections were made the 
chamber was usually filled with a seal- 
ing compound. From the projections 
of the binding posts on the outside of 
these chambers connections were taken 
for the subscribers’ stations. By this 
means, therefore, the cable was not 
only satisfactorily sealed but points 


Fig. 3— Method of mounting No. 8 type 


terminal оп telephone pole 


of attachment were provided for the 
connecting wires. 

Use of the potheads and sealed 
chambers resulted in a wide assort- 
ment of cable terminals, as many dif- 
ferent arrangements were used to 
meet the various requirements of the 
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Associated Companies. To better this 
situation by providing a standard 
means to connect open wire to cabled 
telephone circuits the development of 
standard terminals was undertaken, 


Fig. 4— No. 14 type cable terminal with 
porcelain block in place 


leading to the various types now used. 

In all the later development the 
sealed chamber principle was used. 
The cable entered a chamber of one 
form or another, its sheath was sold- 
ered or otherwise sealed at the enter- 
ing point, its wires fastened to bind- 
ing posts running through the sides, 
and finally the chamber filled with a 
compound to complete the sealing of 
the cable. In addition, an outer cov- 
ering, usually consisting of a wooden 
box or metal cover, was provided to 
protect the terminal and its connec- 


tions from direct exposure to the 
weather. Тһе many forms of ter- 
minals subsequently developed were 
necessary because of different sizes of 
cable to be accommodated and be- 
cause of the different classes and con- 
ditions of service. 

The first two types designed, the 
No. 8 and the No. 14, were both 
primarily for connecting local cables 
to subscribers. The No. 8 had for 
its sealing chamber a rectangular 
wooden box about a foot long and a 
few inches in width and breadth. The 
cable entered through one end and at 
this place its sheath was wrapped 
with adhesive tape and held between 
wooden clamps which closed that end 
of the box. Through two of the op- 
posite sides of the box projected the 
required number of binding posts to 
terminate all the wires in the cable. 
A six-and-a-half-foot length of 22- 
gauge cable was built into the box at 
the factory. 

In assembly, the wires of the cable 
stub were all soldered to the inner 
ends of the binding posts. After this 
the box was bolted together, the 
clamp on the sheath adjusted at the 
lower end, and then the whole filled 
with sealing compound from the top, 
which was afterward covered over 
with a circular piece of sheet metal. 

The wood composing the two sides 
containing the binding posts was cut 
a few inches wider than the box over 
the upper two-thirds of its length. 
These projecting flanges were drilled 
opposite each binding post to serve as 
fanning strips which allowed the en- 
tering wires to be run to their proper 
terminals. 

The entire box was supported by a 
cast iron bracket as shown in Figure 
1. The vertical part of this bracket 
was made for fastening to poles, and 
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the annular part supported a cylindri- 
са! can, which covered the entire ter- 
minal in service, and allowed space 
for the entering wires to pass through 
it to the fanning strips. The can was 
chained to the supporting bracket so 
that it would not be dropped from 
the pole or lost. This No. 8 type 
terminal was made in 10, 16, 26, 31, 
and 51 pair sizes, but the two larger 
ones were rarely used. 

The No. 14 type* reverted to the 
earlier forms of terminals in using a 
cast iron sealing chamber. It is very 
satisfactory for mounting on the sides 
of buildings or other flat surfaces as 
well as on poles, and is usually mount- 
ed so that the hinged cover will be 
closed by gravity. The movable arm 
shown in the accompanying photo- 
graph is used to support the cover 
while connections are being made. 

The terminal block through which 
the binding posts pass is of porcelain 
and covers the front of the sealing 
chamber proper. The rear of the 
porcelain block has a ridge formed 
on all four sides which fits into a cor- 
responding depression at the sides of 
the sealing chamber. The ridge 1з 
drawn into the groove against pack- 
ing material to make the whole per- 
fectly tight. This box also is assem- 
bled at the factory with a cable stub 
similar to that of the No. 8, which 
may be made other than the standard 
length on order. 

Provision is made for the cable to 
enter at either the top or bottom of 
the box as may be specified. The end 
not used for the cable entrance is used 


* This terminal was originally designed by 
$. P. Grace, now Assistant Vice-President of 
Bell Telephone Laboratories but at that time 
Chief Engineer of the Central District. and 
Printing Telegraph Company, апа В. А. L. 
Snyder, his associate, who continues in the suc- 
cessor organization, The Bell Telephone Com- 
pany of Pennsylvania. 


to fill the sealing chamber after the 
cable conductors have been soldered 
to the binding posts and the terminal 
block fastened into place. This second 
opening is then closed with a pipe 
plug. To protect the cable from too 
sharp a bend and to provide a tight 
joint, a combination of brass and lead 
nipples are used at the entrance point. 

The sealing chamber is deeper than 
the rest of the box and on its rear side 
carries the lugs at top and bottom 
which are used for fastening the box 
to the building or other support. In 
the back surface of the box proper, 


Fig. 5 — №. 


14 type terminal showing 
construction details 


between the sealing chamber and the 
two outer sides, are holes which en- 
able these two narrow sections to 
serve as fanning strips. Incoming 
wires thus enter from the back of 
these two shallow wings and are fan- 
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ned out to their proper binding posts. 
The No. 14 type terminal is made in 
11, 16 and 26 pair sizes only. 

Of the No. 14 type terminal, the 
Western Electric Company has made 
to date about two and a half million. 
It is the only terminal so far described 
that is still standard with the Bell 
System. The potheads and earlier 
boxes went out of use because the No. 
8 and No. 14 were less expensive to 


J 


maintain. The No. 8 has gone out of 
use only recently because greater ех-, 
perience with terminals has made it 
possible to design types which have 
higher insulation resistance and are 
easier to install and maintain. The 
terminals to be described in a later 
article are designed on the basis of 
many years experience and are in 
many forms to meet the increasingly 
complex conditions found in the field. 


4 Newspaper Comment From France 


La Nature du premier janvier nous apprend que le recense- 
ment entre pris par P Academie des Sciences de Washington, en 
excluant les laboratoires officiels et les petits laboratoires privés, 
relève mille laboratoires au service des grandes industries. 

La Societé Bell, à New York, pour ses recherches de 
télégraphie et de téléphonie, emploie plus de deux mille tech- 
niciens, formés par les plus grands savants des plus florissantes 
universités et disposant de laboratoires de recherche et d'experi- 


mentation. 


Et nous concluons, avec notre confrère, que 


Phégémonte industrielle américaine west pas due seulement 
д des avantages naturels exceptionnels, mais aussi — probable- 
ment surtout — à Desprit de travail, de méthode et d'organi- 


sation. 


— L'Ouest (Angers) 15 janvier, 1928. 
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Very Thin Films of Rubidium 


By A. L. JOHNSRUD 


Research Department 


OME of the recent developments 
in the art of communication, 
such as telephotography, talk- 
ing motion-pictures, and television, 
have as an essential part a photo- 
electric cell whose function is to yield 
an electric current faithfully propor- 
tioned to the amount of light falling 
upon it. For the cell to yield this cur- 
rent most efficiently and in amounts 
large enough for practical use, a long 
process of development has been nec- 
essary. This in turn has been based 
on extensive research on fundamental 
problems in photoelectricity, carried 
on in our laboratories under the di- 
rection of H. E. Ives. 

Long preceding the recent con- 
certed efforts in bringing photoelec- 
tric cells to a high state of develop- 
ment, it had been noticed that alkali 
metals were more efficient in yielding 
photoelectric currents when in thin 
hlms than when in bulk. It was there- 
fore desired to know more about the 
relation between film thickness and 
photoelectric response. 

The commonly used alkali metals 
include sodium, potassium, rubidium 
and caesium, all more or less photo- 
electrically sensitive. Rubidium lends 
itself best to the study of thin films. 
It volatilizes, diffuses and deposits in 
vacuo at temperatures in a range con- 
veniently near room temperature, and 
in short time-intervals suitable for 
experimental purposes. 

For the most effective study of the 


phenomena involved, there was con- 
structed a large vacuum cell contain- 
ing enough rubidium to allow a spon- 
taneous deposit to take place on all in- 
ternal surfaces until equilibrium at 
room temperatures had been reached. 
This deposit, so thin that it was quite 
invisible, covered not only the walls 
but a thin square piece of glass in the 
interior as well. Supporting this plate 
at opposite ends were platinum wires, 
sealed onto the front surface to make 
contact with the metal film. А tung- 
sten filament, supported close behind 
the plate, provided radiant heat for 
driving off the rubidium whenever de- 
sired. The photoelectric current was 
collected on a large nickel anode 
which nearly enclosed the glass plate 
and filament, and an area of the cell 
wall was kept clean with a flame to 
provide a window for light to pass 
through to the plate. 

It was found, as expected, that a 
heavy coating of rubidium, actually 
constituting a solid metallic surface, 
gave considerably smaller photoelec- 
tric currents than those obtained from 
thinner films. It was likewise noted 
that films which had not had time to 
deposit to their equilibrium thickness 
gave smaller photoelectric currents 
than those that had come to equili- 
brium. Two series of measurements 
of photoelectric current were there- 
fore required — one while the thick- 
ness was diminishing from that of the 
heavy opaque coating to the equili- 
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brium value, and the other while the 
rubidium was depositing on the fresh- 
ly-cleaned glass plate. During each 


process the electrical conductivity 
along the surface of the glass plate 
was being measured. Thisapproached 
the same value, regardless of the di- 


Mr. Johnsrud operates the polariscope, by which the thick- 


ness of very thin rubidium films was measured 


rection from which the equilibrium 
point was approached. The question 
then became “How thick is the film 
at its equilibrium value?” 

It might be possible to calculate the 
thickness of the film from its lateral 
dimensions and its specific resistance. 
But was the assumption justified that 
such a thin layer of metal would con- 
duct electricity in exactly the same 
manner as would a considerable vol- 
ume of it? True, it obeyed Ohm's 
law in the dark, but its resistance 
might in some way be altered under 
illumination. This was especially 
probable since the thickness of the 
flm was comparable to the diameter 
of the rubidium atoms themselves. 
Measurement of thickness by means 
of resistance was therefore consid- 


ered unreliable in this particular case. 

Here is where a new method ot 
measurement had to be adopted, sur- 
passing in fineness not only micro- 
scopes of the highest power, but in- 
terferometers as well. The measure- 
ment must reach the formerly inac- 
cessible region between 
visible light and X- 
rays, radiations whose 
wave-lengths bear to 
each other roughly the 
ratio of ten thousand 
to one. 

It seemed likely that 
the thickness of the 
fim to be measured 
would be as little as 
one atomic diameter, 
one half of one mil- 
lionth of a millimeter. 
Waves of light con- 
venient to work with 
are a thousand times 
as great as that in 
length. It was decided, 
therefore, to base the 
measurements of thickness on the 
principle that plane-polarized light, 
in passing through any film, ехрегі- 
ences a rotation of its plane of pola- 
rization. The extent of the rotation 
is governed by the thickness of the 
film, the wave-length of the light and 
the angle of incidence. By using light 
of a single wave length (the green 
line of the mercury arc spectrum), 
and taking a set of observations at 
different angles of incidence with a 
polarization spectrometer, we were 
able to obtain accurate values of the 
thickness of the rubidium film from 
the known constants of the material.* 
This was possible not only at the 


*The difficult task of preparing the many 
sets of calculations required was performed by 
T. C. Fry and his associates. 
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equilibrium, but while the film was 

growing or diminishing. By inter- 

spersing optical and electrical mea- 
surements, we were able to measure 
the rate at which the film increased or 
diminished in thickness. 

The following results were noted: 

I. Át room temperature, the thick- 
ness of the spontaneously depos- 
ited rubidium film was approxi- 
mately one atomic diameter. 

2. The depth of penetration of light 
into solid rubidium as measured 
by the means and in accordance 
with the theory described in the 
text was found to be as great as 
twenty atomic diameters. 


3. In spite of this penetration of thc 
light, the photoelectric current 
emitted from solid rubidium was 
approximately the same as that 
derived from a film one atomic 
diameter thick. 

4. A film of rubidium so thin as to 
yield a thickness measurement of 
less than one atomic diameter 15 
electrically conducting. Since the 
underlying glass surface under 
those conditions must be only 
sparsely covered with atoms, it 
appears likely that the metal 
atoms are in rapid motion over 
the surface, and that conductionis 
made possible by their collisions. 


Instructors Entertained at Luncheon 


ARKING the completion of 
the ninth consecutive year 
of the Out-of-Hour Courses 


those members of the technical staff 
who were instructors in last season's 
courses were entertained at lunch on 
May 29 by Mr. Craft. 

Following the luncheon Mr. Craft, 
as host and toastmaster, recounted 
the philosophy of the Out-of-Hour 
Courses. He pointed out that in car- 
rying on the work of the Laboratories 
consideration must be given not only 
to doing well to-day's job but to de- 
veloping an organization to carry on 
to-morrow's work even more effec- 
tively. The Personnel Department 
was organized ten years ago as a help 
to this end. Studies during the first 
year brought out that there was a 
general feeling of need for some 
means to make available information 
on our work. The organization 


had been growing rapidly so that 
there were many new members who 
felt their limitations as compared 
with the seasoned veterans who had 
gathered their information and back- 
ground through years of experience. 
To take care of this need some of the 
departments were carrying on confer- 
ences within their own organizations 
and a number of groups of individu- 
als were getting together out-of-hours 
to exchange information or have an 
expert give them the benefit of his 
experience. 

A study of the whole situation in- 
dicated that the newer members of 
the organization could be broken in 
more rapidly if means were provided 
whereby the information on subjects 
of vital interest to the Laboratories 
could be collected, arranged, clarified 
and explained so that any member of 
the organization might have access to 
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the principles and practices which the 
experts had developed and worked 
out during the past years. It was felt 
that this information would be more 
effectively disseminated if classes were 
held. This would give the stimula- 
tion which comes from definite 
scheduling and from group discus- 
sion which brings out more ideas than 
does individual study. It was also felt 
that these classes should be on an 
opportunity basis where any member 
of the organization who had the 
proper qualifications might be en- 
rolled in a course. It developed on 
consideration that the only time which 
would make this practicable would be 
outside of regular business hours. 

A study of educational plans of 
other industries showed that much 
had been done. The Hawthorne Club 
had conducted a good many classes 
in which club members were enrolled. 
These classes were conducted as a 
club and not as a Western Electric 
activity. Other organizations were 
preparing for similar activities and a 
study of these and other plans all 
had the common characteristic that 
they were organized as separate from 
the business. After careful considera- 
tion it was deemed wise to set up the 
educational plans for out-of-hour 
courses in the Laboratories on the 
basis that they were a regular part 
of our work, recognizing that 
through these courses the Company 
was making available for present and 
future members of the organization 
information on past accomplishments. 

Our own experience indicates that 
this method of considering educa- 
tional work a part of the regular 
business gives satisfactory results. 
Further evidence of soundness of this 
plan is shown by the fact that the 
Western Electric Company in New 


York City and the New York Tele- 
phone Company recently started out- 
of-hour courses fashioned after those 
conducted in the Laboratories. 

To carry out this plan the instruc- 
tors must be those who are recog- 
nized experts in their respective fields. 
As a consequence, instructors have 
not been self-selected nor are they 
selected by any individual or a fixed 
group of individuals. Each is natur- 
ally selected as the one who is recog- 
nized by his associates as being the 
most capable and available person. 
As the preparation of text material 
requires additional work on the part 
of the instructor, he is not assigned 
to this work by his department but is 
invited to conduct a class. 

Reviewing the accomplishments of 
the past nine years, M. B. Long, Edu- 
cational Director, said that eighty 
per cent of the present Technical 
Staff had taken part in one or more 
of the courses. А total of seventy- 
two different courses have been given 
—some of them repeated several times 
—by 147 members of our organiza- 
tion as instructors. А total of 3,149 
individuals have taken one or more 
courses; this year there were 592 en- 
rollments. 

During the year just ended twenty 
courses were given. Опе course, 
lheory of Telephone Transmission, 
has been offered each year although 
revised several times. The period 
during which any one individual has 
acted as instructor ranges from a 
minimum of onc-half to a maximum 
of six years. During the past year 
twenty-eight instructors contributed to 
the carrying on of the plan. 

In keeping account of the total 
load brought about through the giv- 
ing of the course some basic unit of 
measure seems to be desirable. The 
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student class hour has been selected 
as that unit and a study of the past 
years shows an average per year of 
13,000. During the past year, 1927- 
1928, the total load was about 16,000 
or about 30% above the average. If 
we are interested in the total load 
placed upon the members in this re- 
gard we must take into account the 
cutside time required for preparation. 
It seems, therefore, that 50,000 per- 
son hours is a reasonable figure to ex- 
press as being given to out-of-hour 
courses during the past year. 

During each of the last few years 
sixteen of the courses have had a 
capacity demand and so have come to 
be looked upon as fundamental to the 
plan. They have therefore been re- 
peated a good many times and now 
play such an important part in the 
training of new men that the text ma- 
terials have been worked over and re- 
vised until in some cases they seem 
to have become almost an official en- 
cyclopedia. In concluding, Mr. Long 
expressed considerable pleasure in 
having the opportunity to extend his 
appreciation to those who this last 
year had acted as instructors, for their 
all important part which made the 
courses possible. 

For the instructors, Timothy EL. 
Shea discussed their efforts and their 
future. As a result of personal con- 
tact made in out-of-hour courses 
many a conference has come off more 
smoothly and many a memorandum 
has been improved. There is also op- 
portunity for the intrinsic. develop- 
ment of the instructor himself, 
through the discipline exacted by the 
organizing of course material and the 
capacity developed for sustained ef- 


fort, the opportunity for self-expres- 
sion in class room and in text, an in- 
crease in self-confidence which is re- 
Hected in his daily work, a widening 
of his mental horizon and an oppor- 
tunity of studying his students. The 
students are also studying their in- 
structor, and so there is opportunity 
for the building of professional repu- 
tation. Decidedly, the instructor prof- 
its from the time and energy put into 
preparing and presenting his course. 

Since many of the courses cover 
subjects which are not suitably treated 
in existing books, new texts have to 
be evolved by the instructors. How 
these texts are made available for 
newcomers in the Laboratories, and 
subsequently to wider audiences, was 
discussed by John Mills, Director of 
Publication. Four books by members 
of the Laboratories have now been 
published, and several others are in 
preparation for publication. 

Saying that the occasion would not 
be complete without a few words from 
“The Dean," Mr. Craft called upon 
George B. Thomas, Personnel Di- 
rector. Mr. Thomas congratulated 
the instructors on the splendid re- 
sults in their year's work, praising 
particularly their excellent spirit of 
cooperation. 

Mr. Craft concluded the program 
with remarks оп the coordinating in- 
fluences of the courses. He expressed 
his feeling that the soundness of the 
plan was thoroughly evident and that 
the effort was thoroughly justified. 
He extended his thanks to the instruc- 
tors for their loyal part in a job well 
done and predicted that the same 
spirit would carry us forward through 
the work of tomorrow. 
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News Notes 


HE degree of Doctor of En- 
| gineering has been conferred 
upon F. B. Jewett by the Case 
Schcol of Applied Science in Cleve- 
land. In conferring the degree, Pres- 
ident Charles S. Howe referred to 
Dr. Jewett as “а profound student of 
electrical engineering; skillful inves- 
tigator of many engineering prob- 
lems of electricity; effective and in- 
spiring teacher of engineering, and 
wise and efficient administrator of a 
great research laboratory." Dr. 
Jewett also delivered the Commence- 
ment Address at Case School, the 
title being “Тһе Problems and Pros- 
pects of the Young Engineer—How 
They Differ from Those of His Fa- 
ther." 

On June 9, President John M. 
Thomas of Rutgers University 
awarded President Jewett the hon- 
orary degree of Doctor of Science. 

ON Mav 14 Mr. Jewett attended 
a hearing of the Federal Radio Com- 
mission held in Washington on alloca- 
tion of short waves. Other recent 
activities of Mr. Jewett include at- 
tendance at a Past Presidents’ lunch- 
eon of the A.I.E.E. on May 22, and 
a dinner of the Society of Arts and 
Sciences, at which a gold medal was 
conferred on Thomas А. Edison. Mr. 
Jewett, representing the engineering 
societies, spoke on “Edison as Seen 
by His Fellow Engineers." 

Mr. Jewett is a member of the 
American Committee of the World 
Engineering Congress that is to be 
held in Tokio, Japan, іп October, 
1929. He was recently appointed 


Chairman of the subcommittee ог 
transportation. 

AT THE REGULAR WEEKLY MEET- 
INGS of the Vice-Presidents of the 
Western Electric Company on June 
6 and 15, E. B. Craft spoke on the 
cost-reduction work of the Bell Tele- 
phone Laboratories during the past 
year. On June 15 he addressed the 
members of the Department of De. 
velopment and Research on the in- 
ternal operation of the Labora- 
tories. In May he addressed the 
members of the Bell System Орег- 
ating Conference held at Absecon, 
New Jersey, on activities of the Labo- 
ratories. 

DR. CRAFT was the speaker at the 
Commencement Exercises of Wor- 
cester Polytechnic Institute on June 
18. His subject was “Industrial Re- 
search." Later he addressed a group 
of men at the Worcester Club, guests 
of Mr. Charles M. Thayer, on re- 
search and development in the com- 
munication industry. 

PRoFEssOR W. F. С. SWANN of 
the Bartol Research Foundation ad- 
dressed the Colloquium on May 28. 
Speaking on the topic ‘‘Possible 
Modifications in Electrodynamics and 
Their Consequences,” he explained 
the earth’s charge and its magnetic 
field by assumption of a slow destruc- 
tion of positive charges. 

J. C. HvNsAKER spoke at the 
dedication of the Daniel Guggenheim 
Aeronautical Laboratory at Massa- 
chusetts Institute of Technology on 
June 4, outlining the history of the 
Department of Aeronautics, which 
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Graduates and instructors of the General Health Course: back row: the Misses 
Heiart, Menig, Cassidy, Fitzsimmons, Spindler, Beers, Mihavetz, Prouty; seated: 


the Misses Dunbrack, Murison, Sall, Crawford, Van Riper, Egan, Bauer. 


Other 


graduates, not in the picture, are the Misses Gregory, Paret, Rossi and Tully 


was established in 1914 with Mr. 
Hunsaker as an instructor. 

Mr. HUNSAKER has been ap- 
pointed to the technical committee of 
Trans- Continental Air Transport, 
Inc. 

GRADUATES of the first two classes 
in the General Health Course for 
Women in the Laboratories attended 
on May 28 a tea held at the Fifth 
Avenue Hotel in honor of the gradu- 
ates of the third class, which began 
October 4, 1927. This class, like the 
preceding ones, was taught by Statira 
Crawford of the Medical Depart- 
ment, assisted by Gratia Prouty of 
the Employee Service Department. 
Seventeen girls out of the twenty- 
nine registered finished the course. 
The certificates were distributed after 
the tea by George B. Thomas, Per- 
sonnel Director. 

A VISIT TO THESE LABORATORIES 


on June 11 was part of the program 
of the Ninth International Cost Con- 
ference, held in this city under the 
auspices of the National Association 
of Cost Accountants. 


APPARATUS DEVELOPMENT 


J. J. Lvuc, О. M. GLUNT AND Е. 
L. NELsoN visited Hadley Airport 
near New Brunswick, New Jersey, on 
June 8 to inspect the radio laboratory 
facilities that have been provided at 
that point and to witness the initial 
test flight undertaken by the radio 
development group. The Labora- 
tories’ Fairchild plane, piloted by 
A. R. Brooks, was equipped with a 
field strength measuring set and was 
taken up for a fifty minute flight dur- 
ing which observations on the 
strength of the signals from 3XN 
were made by P. H. Evans and E. . 
F. Brooke. 
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D. Н. NEWMAN visited Roanoke, 
Virginia, late in May to make the sur- 
vey for the Richmond Development 
Corporation's one-kilowatt broadcast- 
ing station. Later he visited Chicago, 
where he installed the five-kilowatt 
transmitter of the Chicago Daily 
News. 

H. S. PRICE recently inspected 
WEEI, the station of the Edison 
Electric Illuminating Company of 
Boston. 

W. L. TIERNEY made the survey 
for the five-kilowatt installation pur- 
chased by the Western Broadasting 
Company to replace their 500-watt 
equipment at Station KNX. 

C. Н. GREENALL AND А.Н. FALK 
visited the laboratories of the Na- 
tional Lead Company in Brooklyn on 
May 18 in connection with proposed 
tests for the lead case for submarine 
loading coils. C. R. Young joined 
them in a trip through the two Na- 
tional Lead plants at Perth Amboy 
on May 22. 

J. К. TOWNSEND attended a meet- 
ing of the А. S. M. E. committee on 
spring design in Pittsburgh on May 
16, and was appointed chairman of a 
subcommittee on spring materials. 

H. A. ANDERSON spent some time 
with the Ingersoll Rand Company in 
Phillipsburg, New Jersey in connec- 
tion with the heat treatment of climb- 
ers to eliminate the possibilities of 
failures from brittleness. 

A. D. HARGAN visited several Bos- 
ton exchanges on June 1 in connection 
with multiple bank problems. 

Н. F. DoBBIN AND W. СОЕЕ visit- 
ed the plants of Brown & Sharpe at 
Providence, and Pratt & Whitney at 
Hartford, Connecticut, on May 22 
and 23, to investigate the latest meth- 
ods of cutting and grinding gears. 

ON JUNE 14 the Specification 


group tendered to H. W. Heimbach 
a luncheon at a nearby restaurant to 
mark the occasion of his transfer to 
the staff of W. T. Booth, Executive 
Assistant. Mr. Heimbach has headed 
the Specification group since its incep- 
tion in 1919. А testimonial scroll, 
signed by every member of his own 
group, was presented with a wrist 
watch as concrete evidence of per- 
sonal regard. Voicing the same senti- 
ments, members of the Apparatus 
Files group gave Mr. Heimbach a 
pen and pencil set, and decorated the 
luncheon tables with flowers. 

BASED ON THEIR EXPERIENCE IN 
THE LABORATORIES, the degree of 
Electrical Engineer has been con- 
ferred by Cooper Union on J. B. 
Shiel, W. J. Turney and H. L. Wal- 
ter, graduates in former years of the 
evening courses of that institution. 


GENERAL STAFF 


S. P. GRACE was the guest of honor 
at a dinner given by Mr. C. W. Berg- 
quist at the Union League Club of 
Chicago, prior to a lecture by Мг. 
Grace before the Western Society of 
Engineers. 

MR. GRACE spoke before the exe- 
cutive and supervisory staffs of the 
New York Telephone Company on 
June 20, on recent developments of 
the Laboratories. 

С. B. THOMAS AND JOHN MILLS 
attended on June 22 an educational 
conference arranged by the Chesa- 
peake and Potomac Telephone Com- 
pany for engineering and science pro- 
fessors of the colleges in its territory, 
and described for the conferees the 
work and organization of the Labo- 
ratories. 

І. S. O'RoankK addressed the 
North Carolina Society of Engineers 
at Asheville on June 21, on “Тһе 
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Electrical Transmission of Personal- 
ity.” 

W. C. Тооі AND J. A. JOBLIN re- 
ceived degrees on June 7 after post- 
graduate work at the Brooklyn Law 
School of St. Lawrence University. 
The former received the degree of 
Doctor of Jurisprudence; the latter, 
that of Master of Laws. 

G. F. FowLER, whose term on the 
Papers and Meetings Committee of 
the New York Electrical Society ex- 
pired last month, has been reap- 
pointed for the coming year. 

Miss HELEN M. CRAIG attended 
the annual conference of the Special 
Libraries Association held recently 
at Washington. Miss Craig has also 
served as a member of the Electrical 
Engineering Committee of the Asso- 
ciation in the preparation of its re- 
cently compiled Bibliography of Elec- 
trical Literature. 


INSPECTION ENGINEERING 


W. A. Воүр attended a regular 
survey conference at Hawthorne dur- 
ing the week of May 28. Н. F. Kor- 
theuer and T. Mellors attended a 
similar conference at Kearny on May 
7 and 8. 

D. А. QUARLEs visited Edgerton, 
Wisconsin, during the early part of 
June, in connection with inspection 
methods for automotive equipment. 


OUTSIDE PLANT DEVELOPMENT 


С. S. Сокром conducted develop- 
ment studies involving small hand 
tools in Philadelphia on May 10. 

O. B. Cook was in Lebanon, Penn- 
sylvania, studying processes in the 
manufacture of manhole ladders, on 
May 19. 

I. C. SHAFER visited Trenton, New 
Jersey, on May 21 to obtain data on 
the results of a years natural 


weathering on a trial installation of 
drop-wire attachments. 

E. St. JOHN visited Boston in con- 
nection with development studies of 
cable rings. 

B. A. Merrick visited Bingham- 
ton, New York, and Easton, Penn- 
sylvania during the early part of June 
for development studies in connection 
with linemen’s tools. 

С. Н. AMapnoN visited Silva and 
Ceredo, West Virginia, and Asheville, 
North Carolina in connection with 
timber studies. On June 12 and 13 
Mr. Amadon attended the summer 
meeting of the American Wood Pre- 
servers Association in Chattanooga, 
Tennessee. 


RESEARCH 


FRANK Gray, J. W. HoRTON AND 
R. C. MATHES are the recipients of 
the prize for the best paper on 
Theory and Research presented be- 
fore the American Institute of Elec- 
trical Engineers during the year 1927. 
The award was for their joint paper 
entitled “Тһе Production and Utiliz- 
ation of Television Signals,” presented 
at the Summer Convention of the In- 
stitute in Detroit, June 20-24, 1927. 

Harvey FLETCHER contributed to 
the Proceedings of the Institute of 
Radio Engineers for May an ex- 
tensive review of “Тһе Theory of 
Sound,” by Lord Rayleigh, from the 
viewpoint of its current usefulness. 
The original edition appeared in 
1877 and revision came out in 1894, 
but both were out of print for a num- 
ber of years, until the second edition 
was reprinted in the fall of 1926. 

Mr. FLETCHER delivered a paper 
entitled “Three Million Deafened 
School Children — Their Detection 
and Treatment (Further Data)” 
jointly with Dr. E. P. Fowler, be- 
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fore a meeting of the American 
Medical Association at Minneapolis 
on June 13. Mr. Fletcher also spoke 
at the Lions Club Luncheon on “Ке- 
search Work on Speech and Hear- 
ing." He gave a similar talk at the 
combined luncheon meeting of the 
Grafil and Canopus Clubs. On June 
18, he gave a demonstration, “Оиг 
Ears and How They Deceive Us,” at 
a meeting of the American Federa- 
tion of Organizations for the Hard 
of Hearing at St. Louis. 

J. Е. Harris амр E. E. Ѕсно- 
MACHER attended in Philadelphia a 
conference on a new machine for wip- 
ing joints mechanically. 

Mr. Harris attended a meeting 
of the Metallurgical Advisory Com- 
mittee of the Bureau of Standards 
in Washington, on May її. 

LIEUTENANT COLONEL A. S. ANG- 
WIN AND Mr. J. A. GRACIE, members 
of the British Post Office, are visiting 
the Laboratories for a few months in 
connection with radio development. 

Е. Пе Fremery, А. M. STEVENS, 
C. E. STRONG AND E. Н. ULLRICH, 
from the International Standard 
Electric Corporation, are also visit- 
ing the Laboratories for several 
months, to study our methods. 

К. M. Burns visited the Chem- 
istry Department of Harvard Uni- 
versity on May 5. 

C. L. HIPPENSTEEL spent the week 
of May 21 at Hawthorne in connec- 
tion with work on diaphragms. 

C. W. BorGMANN, К. M. Burns, 
А. C. WALKER, J. A. ТЕЕ, А. К. 
Kemp, J. M. Ғіхсн, амо Н. T. 
REEVE attended a meeting of the A. 
S. I. M. at Atlantic City the week 
of June 25. 

Н. T. REEVE visited the Norton 
Company at Worcester, Massachus- 
etts, on May 14 and r5 to investigate 


crucibles for melting precious metals. 

К. К. Darrow has taken a leave 
of absence for a summer abroad and 
will spend a month in England, France 
and Germany. While there he will 
attend various electrical and physical 
society meetings and visit а number 
of laboratories. 

К. С. MATHEs has returned from 
a month's trip to the west coast in 
connection with the installation of the 
power line carrier system on the 220.- 
ooo volt transmission line of the 
Pacific Gas and Electric Company 
from Pitt River to San Francisco. 

W. P. Mason has received the de- 
gree of Doctor of Philosophy from 
Columbia University. The subject of 
Dr. Mason's thesis was “Тһе Propa- 
gation and Characteristics of Sound 
Tubes in Acoustic Filters." 

Н. E. Ives lectured on television 
before a meeting of the Radio Divi- 
sion of the National Electrical Мап- 
ufacturing Association at Chicago, on 
June 5. 

Mr. Ives received the honorary de- 
grees of Doctor of Science from 
Dartmouth College on June 9, and 
from Yale University on June 20. 

R. E. WATERMAN will visit Den- 
ver, Colorado; Butte, Montana; Spo- 
kane, Washington and Portland, 
Oregon, to conduct wood preserva- 
tion tests in conjunction with the 
Pacific Telephone and Telegraph 
Company. 

L. Н. GERMER spoke on “Optical 
Experiments with Electrons” before 
the Physics Seminar of Cornell Uni- 
versity on Monday, May 28. 

C. J. Davisson AND L. Н. GERMER 
were the authors of a paper “КеНес- 
tion and Refraction of Electrons by a 
Crystal of Nickel," delivered before 
the National Academy of Sciences, 
and sponsored by Dr. Jewett. 
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E. К. KiNGSBURY gave a talk on 
television before the Men's Club of 
the Rutherford, New Jersey, Meth- 
odist Episcopal Church on May 28. 

J. M. FENSTERMACHER has been 


elected to membership in the Edward 
H. Hall Chapter No. 25, of the Tele- 


phone Pioneers of America. 


SYSTEMS DEVELOPMENT 


Е. B. ANDERSON visited Harris- 
burg, Pennsylvania, in connection 
with the tests being 
made on cable insula- 
tion measurements. 

J. B. Suigr, F. VAN 
VooRHiS W. С. 
SCHAER AND H. A. 
Lewis visited several 
installations of No. 11 
switchboards arranged 
to handle the unusu- 
ally heavy summer toll 
trafic in the Catskill 
Mountains. 

C. W. GREEN was 
one of the authors of 
a paper ‘Carrier Sys- 
tems on Long-Distance 
Telephone Lines”’ pre- 
sented before the Sum- 
mer Convention of the 


A.I.E.E. at Denver. 

C. L. Weis AND Е. Н. CHASE made 
tests on the first long-haul single- 
channel carrier telephone system, in- 
stalled between Omaha, Nebraska 
and Storm Lake, Iowa, during the 
latter part of May. 

К. L. LUNSFORD visited Chicago 
and Detroit in connection with gen- 
eral power plant problems. 

R. B. STEELE visited Hawthorne 
in connection with tests on high fre- 
quency carrier telegraph equipment. 


R. E. KiNG spent two weeks at 
Minneapolis, assisting in the cutover 
arrangements of the new Main-At- 
lantic Step-by-Step Office. 

M. A. FRoBERG has returned from 
a trip on which noise conditions in the 
repeater stations on the new Pitts- 
burgh-St. Louis cable were studied. 

* ж ж ж 


THE first group of students recent- 
ly finished their period of training at 
the Laboratories under the new Elec- 


Students from Massachusetts Institute of Technology who 
recently completed eighteen weeks? experience in the Labo- 
ratories. Seated, left to right: A. J. Carey, T. L. Bowser, 
J. Р. Riley. Standing: J. R. Rae, T. В. Perkins, С. М. 


Day, C. A. Armstrong 


trical Communications Cooperative 
Course of Massachusetts Institute 
of Technology. Under this option 
terms at school are alternated with 
periods of experience provided in 
Western Electric Company, New 
York Telephone Company and Bell 
Telephone Laboratories during the 
last three years of the course. Mem- 
bers of this group will have another 
term in the Laboratories and will be 
graduated with M.S. degree in 1929. 
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Snap Shots 


from 


Kontis clears the bar in the high jump 


Finish of the sixty-yard dash: left to 
right, the Misses Fenton, De Martin, 


Harrer and Pose 


Moffott and Thomfp- 
son finishing the eight- 
eighty 


the 
— Track Meet 


Part of our tug-of-war team in action: Simmons, Haffner 
and Neilson, with Calmar coaching 
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Club Notes 


Once again West Street athletes 
proved their superiority when they 
won the Bell System Track and Field 
Meet at Erasmus Field, Saturday, 
June 16. However, the real credit of 
winning the meet goes to our girls, 
who scored fourteen of our thirty-two 
and one-half points. In the sixty-yard 
dash Marie Boman carried off first 
place when she won this race in eight 
seconds flat with Katherine Fenton, 
also of the Laboratories, second. In 
the quarter mile relay the West Street 
team composed of Misses Boman, 
Fenton, Kaempffe and Reinbold won 
the race by Miss Boman's spurt down 
the home stretch. Lillian Kaempffe 
finished third in the basketball throw. 

First place in the one-mile relay 
was taken by the Laboratories’ team, 
consisting of Pasanen, Moffot, Quinn 
and Toole. In the eight-eighty, Mof- 
fot came in second; Pasanen landed 
second in the broad jump; Quinn and 
Gardner took thirds in the 440-yard 
and the shot-put, respectively. Kontis 
split third honors in the high-jump. 
Inspired by Bill Calmar's able coach- 
ing, the Laboratories’ strongmen — 
Neilson, Haffner, Simmons, Healey 
and Prachnaik — pulled a victory 
from Long [sland Traffic’s team in 
the tug-of-war finals. 

Music from the Fifty-Ninth Artil- 
lery Band enlivened the afternoon; 
a note of humor was struck by the 
free-for-all novelty race in which con- 
testants had to snatch up tobacco, 
corncob pipes and matches, and cross 
the finish line with smoking pipes. 

D. D. Haggerty, President of the 


Bell System Athletic League, was Di- 
rector of Games; other officials from 
the Laboratories were L. P. Barth- 
eld, D. R. McCormack, F. Canavan, 
J. А. Waldron, C. T. Boyles, L. 
Drenkard, С. А. Brodley, К. B. 
Doherty and Marion Braillard. 


TEAM SCORE 


Bell Telephone Laboratories ............. 3212 
New York Telephone Co., B. 6 W....... 1712 
New York Telephone Со, L. I. Т......... I4 
Western Electric Co., Hudson St.......... 9 
New York Telephone Со., W. M......... 9 
New York Telephone Co., S. M........... 9 
New York Telephone Co., L. I. P........ 8 
New York Telephone Co,, E. M.......... 6 
BASEBALL 


The baseball activities have pro- 
gressed fairly well, considering the 
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The winning relay team: Misses Fenton, 


Kaempffe, Boman and Reinbold 
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great number of rainy days since the 
season started. In the Club Interde- 
partmental League of four teams, the 
standing at the end of the first halt 
of the season was as follows: 


Won Lost 
Svstems Development Department.... 3 о 
Тобе порано Ц оу адын І 2 
Plant and. Shope cus анаан I 2 
КІШБЕГЕ 22265 езі Ыркы к I 2 


Baseball activities in the Bell Sys- 
tem Athletic League are also pro- 
gressing and are approaching the end 
of the league season with only three 
postponed games due to rain. The 
mid-season standing of the teams in 
this league was as follows: 


National League 
Won Lost Tied 


New York Telephone Co., L.I.P... + о о 
New York Telephone Co., L.I.T.. 2 
Bell Telephone Laboratories, Inc. 2 
Western Electric Co., Hudson St. 1 
Western Electric Co, G.H.Q..... I 
М. Y. Telephone Co., L.I.C. & E. o 
Western Electric Co., Installation o 


w о о N м Q 
ооооо 0 


American League 
Won Lost Tied 


New York Telephone Co., E.M... 2 о о 
New York Telephone Со., С.С... 2 

New York Telephone Co., B. & S. 2 I 
American Tel. and Tel. Co...... 2 2 
New York Telephone Co., C.M... 1 2 
New York Telephone Co., S.M... r 2 
New York Telephone Со., W.M.. о 2 


GoLr 

The weather for our outdoor tour- 
nament was fortunately perfect on 
June 2 and 9, although the rainy sea- 
son preceding the tournament had de- 
prived many golfers of practice. 
Twenty-eight men out of the eighty 
starters qualified for the finals. In 
the qualifying round W. F. Johnson 
won the medal for low net score while 


J. Hillier and J. А. Burwell tied with 


a low gross score of eighty-six, which 
necessitated taking the best score of 
these two men in the finals. Burwelfs 
eighty-eight against Hillier's ninety- 
three won the medal for low gross on 
June 2. The men qualifying tor the 
finals are as follows: 


CLASS A 
Flight No. 1 Flight No. 2 


Net Ха 
J. Hillier ........ 73 W.F. Johnson .... 6 
J. A. Burwell .... 70 W. L. Kidde ..... 75 
H. W. Wood ..... 74 Е. Е. Farnsworth.. 7; 
O. Cesareo ....... 7; H.L.Downing.... 72 
J. С. Roberts ..... 7; С. Т. Lewis ..... 76 
G. E. Kellogg .... 77 Е. J. Johnson .... 5 
Е. Н. Clark ..... 79 Е. C. Mueller .... 73 


CLASS B 


Flight No. 1 Flight No. 2 


Net Net 
W. J. Lacerte .... 67 J. C. Palmer ..... » 
E. H. Elliott ..... 74  J. R. Kidd ....... = 


О.Н. Williford .. 75 
P. B. Fairlamb ... 76 


T. P. Ingram .... 73 
A. G. Dalton .... 7 


J. A. Lee 22222; 76 О. H. Danielson .. 7? 
R. E. Collis ...... 27. JE Hal iL. 79 
W. E. Mougey ... 77 А. C. Keller ..... 79 


In the finals О. Cesareo achieved 
an eighty-four after consistently bril- 
liant playing, and won the watch о!- 
{егей for low gross score in Class А. 
R. E. Collis, with a ninety-four, won 
the watch offered for low gross score 
in Class B. The other prize winners 
were as follows: 

Class 4 — Flight 1 


J. A. Burwell .... 7? 
С. E. Kellogg .... 74 


Class 4 — Flight 2 
Low Net E. J. Johnson .... 7 
Second Low Net .. Н. L. Downing ... 73 


Class B — Flight 1 
Low Net E. H. Elliott ..... 75 
Second Low Net . W. J. Lacerte .... 77 
Class B — Flight 2 
О. Н. Danielson.. 7: 
А. C. Keller ..... 73 


Low Net 
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Low Net 
Second Low ? 
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Some Facts about Frequency Measurement 
By W. A. MARRISON 


Research. Department 


are concerned with frequencies 

ranging from less than one cycle 
to 100,000,000 cycles or more per 
second. In a considerable portion of 
this range it has become necessary in 
some cases to measure frequencies 
with an accuracy approaching one 
part in a million. It will not be long 
before it will be necessary to gener- 
ate currents with frequencies having 
given values within the same limits, 
the distinction between the two cases 
being that in the latter a very pre- 
cise method of adjustment must be 
employed in addition to a precise 
method of measurement. Systems 
have been developed such as televi- 
sion involving synchronizing at a dis- 
tance without the use of a control 
channel, in which it is desirable to 
maintain frequencies constant to one 
part in 10,000,000, and it seems now 
that over reasonable periods this ac- 
curacy will be attained with little dif- 
ficulty. This does not imply that the 
frequencies would be adjusted to a 
specified absolute value with this ac- 
curacy, but only that two or more 
independently controlled frequencies 


| N electrical communication we 


would retain their original values 
within this limit. 

It has not been many years since, 
when one wished to calibrate an os- 
cillator in the audible range, he lis- 
tened to the tone from a struck tun- 
ing fork and compared with it a cor- 
responding tone from the oscillator 
in question. This method is subject 
to obvious personal errors largely 
due to limitations of the ear, in ad- 
dition to probable errors in calibra- 
tion and errors due to temperature 
coefhcient, varying amplitude, vari- 
able mounting, and abuse of the fork. 
High frequencies were commonly 
measured by means of a wave meter, 
the calibration of which was com- 
puted from the circuit constants. This 
method also is subject to considerable 
errors, chiefly in determining the val- 
ues of the circuit constants to use in 
the formula expressing the frequency. 
It is not surprising, therefore, that 
frequency measurements made at dif- 
ferent places by different methods and 
observers failed to agree, in some 
cases by very considerable amounts. 

Since frequency is defined in terms 
of time, the logical method for mak- 
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The hundred-cycle tuning fork, showing 

the driving coils (above) and the pick-up 

coils (below) from which the vacuum- 
tube circuits are. controlled 


ing accurate determinations is to 
count the number of cycles during an 
interval long enough to be measured 
with high precision, while keeping 
the rate so constant that the mean 
frequency over the period may be 
taken as the value at any instant. By 
employing as the standard of fre- 
quency the reciprocal of the accepted 
standard of time — the period of the 
earth's rotation on its axis—the 
measurement is made independent of 
any artificial "measuring stick" that 
might be set up. As a matter of fact, 
it is not possible to give a standard of 
frequency any physical embodiment, 
as is done in the case of length and 
weight standards, because frequency, 
like velocity or power, is a rate, not 
a material quantity. 

It is comparatively easy to measure 
one frequency in terms of another, so, 


rather than make each measurement 
of frequency in terms of time di- 
rectly, it is preferable to make all 
such measurements in terms of a ref- 
erence standard. Such a standard 
should be constant and be capable of 
slight adjustment so that it may be 
maintained at its nominal value with- 
in such narrow limits that the de- 
parture is always considerably less 
than the error in making subsequent 
comparisons. Obviously any number 
of such reference standards may be 


This clock is driven by the hundred-cycle 


motor which ts seen through the window 


set up without affecting the relative 
accuracy of subsequent measurements 
made in terms of them, since the ul- 
timate standard is, in all cases, the 
rate of the earth’s rotation. The fre- 
quency of a reference standard should 
be chosen so as to be most convenient 
for use in a specified range. 

The reference standard, in terms 
of which most of the precise measure- 
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ments of frequency in the Bell Sys- 
tem have been made since 1923, con- 
sists of a roo-cycle regeneratively 
driven tuning fork. In order to de- 
termine the frequency accurately, a 
synchronous motor is operated by 
current whose fre- 
quency is controlled by 
the fork. This motor 
drives a cycle-counting 
mechanism which, for 
convenience, is made 
in the form of a clock. 
The number of poles 
on the motor and the 
ratios in the gear train 
are chosen so that 
when the frequency of 
the fork is 100 cycles 
exactly the clock keeps 
accurate time. Any de- 
parture in the rate of 
the clock is, therefore, a measure of 
the error in the standard. For the 
purpose of making frequency com- 
parisons with this standard, current 


A 50,000-cycle quartz crystal in its 
mounting 


at 100 cycles obtained from the vacu- 
um tube circuit is distributed wher- 
ever required. - 

The fork, being made of ordinary 


tool steel, has a temperature coefh- 
cient of one part in 10,000 per degree 
centigrade and must therefore be con- 
trolled to within about o.or?C. in 
order to reduce sufficiently the varia- 
tions in frequency due to tempera- 


This oscillator is controlled at 50,000 cycles by the quartz 


erystal 


ture. In normal operation the fre- 
quency controlled by the fork may be 
depended upon to within one part in 
100,000. 

In recent years it has become neces- 
sary to measure higher frequencies, 
and to measure all frequencies with 
greater precision, than formerly. To 
meet the new conditions, a new form 
of reference standard has been de- 
veloped in the form of an oscillator 
controlled by a quartz crystal, with 
auxiliary equipment to facilitate de- 
termining and regulating its fre- 
quency and for supplying current at 
frequencies convenient for compari- 
son over an extended range. 

The equipment for determining the 
frequency of the crystal is somewhat 
similar to that used with the fork 
standard. It consists of a clock driven 
by a synchronous motor operated by 
current controlled at a comparatively 
low frequency which is an exact sub- 
multiple of the frequency of the crys- 
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tal. The frequency and gear ratios 
are so chosen that when the high fre- 
quency has its normal value the clock 
keeps accurate time. Any variation 
in the rate of the clock is, as with the 
fork-clock, a measure of the error in 
the standard. So constant 15 the fre- 
quency of the crystal that the clock 
controlled by it keeps time accurate 
to one tenth of a second a day. 

The frequency of the crystal-con- 
trolled oscillator in use at present is 
50,000 cycles and the frequency de- 
rived from it to operate the motor- 
driven clock is 1000 cycles. Provision 
is made for distributing throughout 
the Laboratories currents at both of 
these frequencies for use in making 
frequency comparisons. 

The temperature coefficient of the 
crystal used is considerably smaller 
than that of an ordinary steel fork, 
but in order to attain the required 
accuracy it is necessary to control the 
temperature to within one or two hun- 
dredths of a degree. Atmospheric 
pressure variations change the fre- 
quency in the order of one part in a 
million, but this can be avoided at 
any time by mounting the crystal in 
a sealed container. 

То obtain a better idea of the con- 
stancy of crystal control, two oscil- 
lators having nearly the same fre- 
quency were set up so that variations 
in the low difference-frequency could 
be determined with high precision. 
The accuracy of the beat-frequency 
measurement, when interpreted as the 
accuracy of the oscillator, is increased 


many times. By the method used, the 
relative accuracy, that is, the accu- 
racy of one oscillator regarding the 
other as constant, could be deter- 
mined to one part in 500,000,000 
during each 5-second interval. Using 
this method the relative rates were 
measured over a period of several 
hours. There were slow variations, 
amounting to a few parts in a hun- 
dred million, having the period of 
thermostat operation, but over an 
interval of about four hours the total 
variation was less than one part in 
10,000,000. 

As long as the length of a day re- 
mains constant within measurable 
limits, the present method of deriv- 
ing a working standard of frequency 
will undoubtedly serve adequately the 
needs of the Bell System. But the 
astronomers tell us that at the pres- 
ent rate the length of a day will 
change about one second during ten 
years. This is an amount that would 
soon cause a serious discrepancy be- 
tween the reference standards and 
the fundamental standard if the vari- 
ation continues in the same direction. 
If the rate of the earth's rotation 
continues to change, it will be neces- 
sary, either to make corrections from 
time to time in the reference stand- 
ards, or to adopt a new technique 
in which something more fundamen- 
tal than the rate of the earth shall 
determine the standard of frequency 
and ultimately, perhaps, the stand- 
ard of time interval as used in the 
CGS system. 
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Continuous Charging for Automatic 


Branch Exchanges 


By LEWIS EARL 
Systems Development Department 


VITAL problem in the епрі- 
А neering of private branch ex- 
changes is to provide a power 
plant of comparative simplicity and 
low cost where the attendance and 
supervision required is a minimum 
and where the floor space taken up 
by the plant is small. The last re- 
quirement assumes considerable im- 
portance when it is considered that 
these private exchanges are frequent- 
ly installed in office buildings where 
the annual rent per square foot of 
Hoor space is high. 
To meet the problem of minimum 
. attendance, two methods of charg- 
ing are possible. One, used with the 
larger private branch exchanges, 
charges the battery automatically 
when it reaches a predetermined state 
of discharge. Such a system has al- 
ready been described іп BELL LABO- 
RATORIES RECORD.* With an alter- 
native method the charging equip- 
ment is connected to the battery con- 
tinuously and so adjusted that at 
average load a small trickle charge 
only flows into the battery. At 
heavier loads the battery is discharg- 
ing and at lighter loads it is being 
charged. As a result the battery never 
gets extensively discharged and at 
least once а week become substan- 
tially fully charged. This method is 
particularly suitable for the small pri- 


* November, 1926, pp. 87-90. 


vate branch exchange, and equipment 
and circuits have been designed to 
make two sizes of power plant avail- 
able: one which will handle up to two 
and one-half amperes and the other 
up to five amperes under maximum 
load conditions in the busy hour. 

These small power plants are de- 
signed to operate on the local light- 
ing circuits of either direct or alter- 
nating current. When the source is 
direct current a small motor-gener- 
ator set is used for charging; and 
when it is alternating current Tungar 
rectifiers, which have proven so satis- 
factory for the ordinary radio bat- 
teries, are used. The radio type LXL 
storage battery is employed which 
also is standard for the larger private 
branch exchanges where automatic 
charging is used. Due to their pro- 
duction in large quantities and their 
wide distribution these batteries are 
relatively inexpensive and readily ob- 
tainable. 

These continuous-charging power 
plants were designed principally for 
use with the 740-A dial system 
P.B.X.* which requires a voltage 
maintainedbetween forty-fourand fifty 
volts. A battery of twenty-three cells 
was selected as being most suitable 
for this voltage range. As this bat- 
tery might reach a voltage approxi- 
mating fifty-eight volts when fully 


* Described on pages 399-402. 
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charged at a substantial rate, some 
form of regulation was necessary in 
order to meet the fifty-volt upper 
limit. Two groups of counter-EMF 
cells, each containing two cells, were 
used to provide the required voltage 
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TO FUSE PANEL 
WHERE CONTROLLED 
VOLTAGE IS DESIRED 
Diagram showing method of connecting 
counter-E.M.F. cells into circuit to con- 
trol voltage 


control. These counter-E. M.F. cells 
are connected in the discharge lead 
from the battery and develop an elec- 
tromotive force opposing that of the 
battery itself. The accompanying 
diagram shows how they are con- 
nected into the circuit to cut down 
the high battery voltage when neces- 
sary. Whenever they are not re- 
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quired, they are cut out of the circuit. 

Counter-EMF cells are used to a 
considerable extent in telephone and 
telegraph power plants for voltage 
regulation, but the ones previously 
standard throughout the Bell System 
are of the lead-acid type. For this 
P.B.X. power plant, however, a 
newly-developed cell, known as the 
NAK, has been used. It has pure 
nickel electrodes in an alkaline solu- 
tion. The superiority of the nickel- 
akaline cells is evidenced by their 
negligible electrochemical capacity as 
compared to the lead acid type, and 
also by their considerably longer life 
and reduced maintenance. Neither 
the lead nor nickel counter cells have 
active material and so neither should 
store a charge. Actually, however, 
the lead type is somewhat active elec- 
trochemically so that a small charge 
is stored. The negligible activity of 
the NAK type makes it possible to 
short-circuit them in order to cut 
them out of the circuit, which often 
simplifies the switching. 

The introduction or removal of 
the counter-EMF cells from the dis- 
charge circuit is controlled by a volt- 
meter relay. When the fuse-panel 
voltage reaches fifty the voltmeter 
relay closes its ‘‘H’’ contact; and 
through a chain of relays the first 
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counter-EMF cell switch is operated. 
This removes the short circuit from 
the first group of two counter-EMF 
cells whereupon the fuse-panel volt- 
age drops below fifty and the volt- 
meter relay breaks the “H” contact. 
If, due to charging conditions, the 
voltage again reaches fifty, the volt- 
meter relay again closes its “Н” con- 
tact and switch No. 2 is operated. 
This removes the short-circuit from 
the second group of cells, causing the 
voltage again to drop below fifty, 
after which the voltmeter again 
breaks its “Н” contact. 

When, due to increased load, the 
fuse-panel voltage drops to forty- 
four, the voltmeter relay closes its 
“L” contact and through the chain 
of relays switch No. 2 is operated 
and places a short circuit across the 
second group of cells. The voltage 
now rises above forty-four with the 
consequent opening of the voltmeter 
relay “L” contact. If the voltage 
should again drop to forty-four the 
voltmeter relay would of course again 
make on its “L” contact and, through 
the relay chain, switch No. 1 would 
be operated and a short circuit be 
placed across the first group of cells. 
Following this the voltage would 
again rise above forty-four and break 
the voltmeter relay “L” contact. 

The chain of relays is so arranged 
that any part of the above cycle of 
operation is possible. Switch No. r, 
for example, may be operated and 
then released without operating switch 
No. 2. If load requirements are such 
as to require both switches tobe oper- 
ated or released switch No. 2 is al- 
ways the second one to operate and 
the first to release. Where the volt- 
age range to be maintained on the 
switchboard equipment is liberal, such 


as 20-28 volts, the voltage control 
equipment described is not required. 

An accompanying illustration shows 
the power plant as it is arranged 
where alternating current service is 
furnished. It will be noted that the 
complete power plant is installed near 
the switch frame. Its comparative 
simplicity can be visualized, as it con- 
sists of only the charging sets with 
metal cabinets housing the voltage- 
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General arrangement of power plant 
where alternating current ts available 


control, fuse and relay equipment, 
separately mounted voltmeter and 
voltmeter relay, and a cabinet enclos- 
ing the twenty-three cell storage bat- 
tery, the top of the cabinet acting as 
the foundation for all of the other 
power equipment. The voltmeter re- 
lay, on account of its sensitiveness 
to stray fields, is separately mounted 
on a wooden block on top of the volt- 
age-control cabinet. 
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Acoustic Filters 


By W. Р. MASON 
Research Department 


LL air waves can be consid- 
A ered as made up of vibra- 
tions of different frequencies. 

At the low end of the scale are such 
steady or slowly varying air currents 
as the wind, whose frequencies are 
practically zero, and at the upper end 
are buzzings of certain insects and 
other vibrations so rapid that the ear 


Figure 1 


is insensitive to them. It is compara- 
tively insensitive as well at frequencies 
up to 100 cycles per second, while 
sounds below about 16 cycles per sec- 
ond cannot be heard at all. 

It would often be desirable to sep- 
arate air waves of various frequen- 
cies. For ventilation free movement 
of the air is necessary, yet some waves 
of higher frequencies, when they con- 
stitute "noise," are most objection- 
able. Similarly it would often be de- 
sirable to reduce the noise components 
in the exhaust puffs of locomotives. 
Other instances come readily to mind. 
Such a separation of waves can be 
accomplished by an acoustic wave 
filter. 

A wave filter is a device for dif- 
ferentiating between frequencies of 
wave-motion just as a screen or por- 
ous filter separates material of dif- 


ferent sizes. Electric wave filters 
have long been employed in the tele- 
phone plant. Figure 1 shows a dia- 
gram of one of the simplest types, a 
low-pass filter with terminating re- 
sistances, which passes currents up to 
a certain critical frequency known as 
the cut-off frequency and suppresses 
those above that point. When only 
the series inductance is interposed be- 
tween the two terminating resis- 
tances, it introduces little change at 
low frequencies, but as the frequency 
increases the inductance considerably 
decreases the current. Similarly the 
condenser alone has slight effect at 
low frequencies, but at high frequen- 
cies it shunts most of the energry 
through itself, allowing only a small 
part to reach the terminating resis- 
tance. It might be expected that 
the combination would allow low fre- 
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Figures 2 and 3— Acoustic and electrical 
analogues 


quencies to pass and attenuate the 
higher frequencies to an increasing 
degree. Such, however, is not the 
case; the filter allows a band of fre- 
quencies to pass almost without at- 
tenuation, and highly attenuates any 
currents above that band. Other types 
of electrical filters pass only the high 
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frequencies, or pass only those in a 
band between definite limits, highly 
attenuating all others. 

Similarly, filters can be made from 
acoustic elements, although the math- 
ematical treatment is not as simple as 
for electric filters.* The airina short 
tube, if the rate of vibration is low, 
can be considered to be moving as a 
whole, and hence to interpose a mass 
reaction against any force which tends 
to move it. А sort of analogy exists 
between this effect and the electrical 
inductance of a coil, and also between 
a closed chamber into which a piston 
is working and a condenser to which 
a direct voltage is applied. Combin- 
ing these simple elements as shown in 
Figure 4 we have a structure some- 


Figure 4— Acoustic and electrical low- 
pass filters 

what analogous to a low-pass elec- 

trical filter. 

These analogues, however, are not 
close.. While it is possible to make 
electrical elements which are nearly 
pure inductances, capacities, or re- 
sistances, these qualities cannot be so 
well segregated in acoustic devices, at 
ordinary voice frequencies. Thus the 
air in the small pipe does not move 
as a whole, but is traversed by a 
wave which takes a finite time to go 
from one end of the tube to the other. 
Similarly, the enclosed chamber does 
not at once oppose the action of a 

* The possibility of designing acoustic fill- 
ters whose elements play roles approximately 
analogous to those of the elements of electric 


filters was first pointed out by Prof. G. W. 
Stewart of the University of Iowa. 


force, as does an ideal condenser, but 
only after a finite time. For slowly- 
varying pressures or waves of low 
frequency, this short time of trans- 
mission makes very little difference in 
the action, but when the time of trans- 
mission approaches the time of oscil- 
lation of the wave, a marked differ- 
ence occurs. 

A simple acoustic filter is shown in 
Figure 5, consisting of a main con- 


Figure 5—An acoustic “line” with а 
side-branch | 

ducting tube with a side branch closed 
on the end. The electrical equivalent 
of this structure (Figure 6) consists 
of a line with distributed capacity and 
inductance shunted at its center by a 
similar line open-circuited at its end. 
Some propogation properties of these 
systems can be deduced by inspection. 

Whenever the shunt line is in an 
anti-resonant condition, that is, when 
the reflected wave returns in exactly 
opposing phase with the incident 
wave, the impedance looking into the 
shunt is infinite (neglecting dissipa- 
tion) since the two waves cancel, and 
a given pressure produces no velocity 
in the side branch. Under this condi- 
tion, the side branch will exert no in- 
fluence on the transmission. The at- 
tenuation of the filter will be only 
that of the main branch, and if there 
IS no dissipation this attenuation will 
be zero. These anti-resonant points 
occur when the frequency is such as 
to make the length of the shunt line 
O, I, 2, etc., half wave lengths and 
they mark the centers of the pass 
bands of the filter. Hence, this type 
of filter passes a low-frequency band, 
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a second band whose central frequency 
is f, a third band whose central fre- 
quency is 2f, and so on. 

Whenever the reflected waves are 
in phase with the incident waves the 
shunt line is in a resonant condition. 
Its steady-state impedance is then 
very small, since the series of reflected 
waves builds up a very large ampli- 
tude, and the ratio of volume-velocity 
to pressure is large. Under these con- 
ditions an attenuation band exists, be- 


Figure 6— А telephone line with a branch from it andl- 
ogous to the acoustic system of Figure 5 


cause the shunt line diverts practically 
all of the motion from the terminat- 
ing end. Such a condition of reso- 
nance exists at frequencies where the 
length of the branch is one quarter 
wave length plus any number of half 
wave lengths; these frequencies, which 
bear to each other the ratio 1:3:5:7, 
and so forth, are therefore the cen- 
ters of attenuation bands. 

What part the length of the main 
tube plays is not so obvious, but 
analysis* shows that thislength deter- 
mines the relative width of successive 
pass bands. The most interesting 
case is where the total length of the 
main tube equals the length of the 
side branch, for then all of the trans- 

*These relations are discussed more exactly 
in earlier. papers by the present author (Bell 


System Technical Journal, April 1927, and 
Physical Review, February, 1928). 


mission bands have the same width. 
The ratio of the cross-sectional area 
of the side branch tube to that of the 
main conducting tube determines the 
width of the attenuation band rela- 
tive to that of the pass band. The 
larger the ratio the greater the width 
of the attenuation band, for the larger 
will be the shunting effect. 

A more complicated filter is shown 
in Figure 7. Its main conducting tube, 
the inside pipe, is generally so small 
that only thelongitudinal 
vibrations need be taken 
into account, and with 
the usual dimensions of 
the large chamber, radial 
vibrations need not be 
considered at the lower 
frequencies. А longitu- 
dinal vibration coming 
from the pipe travels to 
the far end of the cham- 
ber and is reflected; when 
it comes back to the 
chamber wall at the incoming end it 
is reflected again. When the re- 
flected waves are in phase with the 
incoming waves, a building up of vi- 
brations occurs until the amount of 
power passing from the filter into the 
outlet pipe is equal to that coming in 


Figure 7—A band-pass acoustic filter 


less the amount dissipated in the fil- 
ter. Since a resonant condition exists 
at all points for which its length is 
one-half wave-length, one wave 
length, or any integral multiple of a 
half wave length, these frequencies 
are the centers of successive pass 
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bands. On the other hand, when the 
length of the chamber is 1, 3, 5, etc., 
quarter wave lengths, the reflected 
waves oppose the incident waves in 
phase. Hence the frequencies in this 
latter series are the centers of attenu- 
ation bands. Attenuation bands also 
exist around the frequencies at which 
the radius of the chamber is approxi- 
mately 1, 3, 5 quarter wave lengths, 
and so forth. There are then two pri- 
mary sets of attenuation bands with 
pass bands between; limiting frequen- 
ces of all these can be computed 
from the dimensions of the filter. 
Maximum attenuation depends on the 
relative cross-sectional areas of the 
main tube and the chamber. 

Sound vibrations in air were studied 


long before electric waves on wire 
were known. А filter like that of 
Fig. 8 was used by Herschel in 1833. 
Although acoustic filters are old as 
compared with their electrical cousins, 


Figure 8 


they have not received anything like 
as much study or development. 
Acoustic systems are likely to repay 
further study if for nothing else than 
for their usefulness in suppressing 
some of the room noises which are so 
all-pervasive and which are so annov- 
ing to telephone listeners. 


A Strange Anomaly 


“Tt is а strange anomaly that men should be careful 10 in- 
sure their houses, their ships, their merchandise, and yet 
neglect to insure their lives, surely the most important of all 
to their families, and more subject to loss.-—Benjamin 


Franklin. 


If we own a house we insure 1t for perhaps three-fourths of 
its value. How many of us have ever stopped to calculate the 
value of our lives to our families? In terms of affection it is 
probably beyond price. In terms of earning power, however, 
it can be easily stated. It is the sum of money which put out 
at interest would yield a family the necessary yearly income 
to live according to its present standard. In other words, a 
man’s capitalized earning power, along with his house are 
among his family’s important capital assets. One 1s of course 


adequately insured 


how about the other? 


The payroll deduction plan of life insurance will protect 
family income and Mr. Lloyd H. Bunting, our insurance ex- 
pert at the Laboratories, is available to assist in formulating 
programs and securing insurance. 
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Apparatus Analysis 


By H. L. COYNE 
Apparatus Development Department 


HEN apparatus must not 
only satisfactorily perform 
its work but give service 


over a number of years at a minimum 
cost, its design must involve not only 
the arrangement of parts to perform 
a desired end but a detailed study of 
each element of the apparatus. This 
study is intended to insure each part’s 
proper working with the whole and 
to make certain that it will withstand 
the wear and tear of continual opera- 
tion with a minimum of maintenance 
expense and with the lowest consist- 
ent first cost. For these studies, the 
designer invokes the cooperation of 
appropriate members of the Ap- 
paratus Analysis group. 

Apparatus analysis requires of 
those who practice it extensive and de- 
tailed knowledge of both mechanical 
and electrical elements. In the former 
classification must be considered ma- 
chine parts such as screws, bolts, 
rivets, springs, and bearings, and the 
effect of temperature, moisture, wear, 
and vibration on successful opera- 
tion. It is not true, as it appears to 
the layman, that these parts are 
simple things about which there is not 
much to be known. The strength of 
a machine screw, to take an elemen- 
tary example, and the force with 
which it holds two parts together 
with a given tightening torque, de- 
pends not only on its size and the ma- 
terial of which it is made or with 
which it is plated but on the size, 


type, and pitch of its threads. A de- 
tailed knowledge of the duty cycle 
to be required of it must be checked 
against the various types and sizes 
of screws available if the best overall 
results are to be obtained. 

Not only must a screw be chosen 
for its strength and the force it ex- 
erts, but the likelihood of its loosen- 
ing in service must be carefully con- 
sidered. It is held in place by friction 
which depends not only on the co- 
eficient of friction but on the total 
force on the threads and clamped sur- 
faces. This must be given the most 
careful consideration as it changes 
during the life of the equipment due 
to many factors such as the external 
forces exerted during the operating 
cycle, the loss of resiliency of the 
screw and of the clamped materials, 
temperature changes, and vibration 
which is a particularly fatal enemy of 
stable assembly. 

In general such knowledge is too 
detailed and analytical for the use 
of an engineer who is primarily inter- 
ested in building the apparatus to ac- 
complish some definite and compli- 
cated work. His duty is to coordinate 
parts so that they will carry out his 
wishes. He works with the apparatus 
as an operating unit and analyzes the 
separate parts only far enough to 
make sure they will accomplish the 
tasks he assigns to them. His work 
Is with assemblies, the analyst's with 
details. 
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Perhaps no mechanical elements of 
a piece of apparatus require more 
consideration than springs. The ap- 
paratus analyst must make certain 
that a spring shall exert sufficient 
force but yet not too much, or un- 
necessary wear or shock will result to 
the apparatus. Then, too, the amount 
of movement the spring must make, 
the number of times it must operate, 
and the temperature changes it must 
undergo are all factors that vitally af- 
fect its design both as to form and 
material. For best results the studies 
must extend back to the tempering 
methods used in its manufacture, for 
tempering is the vivifying element of 
spring service. So important is this 
matter of raw materials that special 
laboratory raw material specifications 
are now issued to insure satisfactory 
and uniform products. 

Other mechanical design elements 
of paramount importance are bear- 
ings. Type of bearing and method 
of lubrication both raise an almost 
endless series of questions to be an- 
swered. The speed for which a bear- 
ing is designed is always an important 
factor. This is particularly true of 
ball bearings which require, for in- 
stance, а certain minimum speed of 
rotation to keep the balls rolling in 
the center of the race. If they are 
specified where the speeds are below 
this value, excess friction between the 
balls and the containing cages accel- 
erates the wear of the bearing. 

Mechanical features of a design, 
however, are only part of the entire 
problem. Electrical resistances, in- 
ductances, and capacitances and mag- 
netic circuits and materials all come 
in for attention. In some cases the 
Apparatus Analysis group serves only 
in an intermediate capacity in check- 
ing these elements by seeing that each 


has proper consideration from the 
appropriate specialized group in the 
laboratory. Other electrical features 
such as base-metal contact materials 
and voltage drops due to contact re- 
sistance, are passed on directly by the 
Analysis group. In one way or an- 
other, however, they make sure that 
every detail of the design has had 
proper consideration and analysis. 

A very important part of appara- 
tus analysis is life testing.* Theoreti- 
cal analysis although essential fo^ 
good design must be constantly check- 
ed against actual operating results. 
Apparatus and parts must be subjected 
to all the varieties of stress and strain 
that they could ever experience in 
actual service, and so testing with 
controlled temperature and moisture 
conditions is an important function of 
apparatus analysis. 

An allied function is the investiga- 
tion of trouble in the field. Here the 
testing is actual operating service and 
a study of the failures is very fruitful 
of detailed information which may 
lead to improvement in design as well 
as to the solution of the trouble. 

In addition the Apparatus Analysis 
group is instrumental in investigating 
changes proposed by the Manufac- 
turing Department and as a result 
recommends many modifications to 
facilitate manufacture and to lead to 
cost savings that do not otherwise 
affect the design. Also they specify 
limiting conditions or tolerances such 
as hardness of metals, spring forces, 
contact pressures, or the required tol- 
erances for resistances, voltages, or 
other electrical constants. 

The necessity for extensive testing 
to insure at all times the best use of 
materials and parts again emphasizes 


* BELL LABORATORIES RECORD, January, 1927, 
Pb. 155-159. 
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the desirability of an Analysis group 
which specializes in laboratory tests. 
There is a further gain from having 
each piece of apparatus carefully stu- 
died by distinct groups who naturally 
scan it from somewhat different view- 
points. The system furnishes an in- 
dependent check on all designs which 
can not help but be of value. 

For the best results it is desirable 
to have the two groups work together 
from the beginning of a design. Con- 
sultation during the early stages is 
bound to speed up the final comple- 
tion and reduce its cost by eliminat- 
ing the necessity of retracing steps 
and the possibility of rejected models 
or samples. Occasionally the com- 
pleted drawings are submitted for 
analysis and at other times models 
are used for the studies. Tool-made 


samples naturally come to the Analy- 
sis group as an established procedure 
and form the final basis of analysis. 

The results of analysis appear in 
the form of laboratory reports which 
describe the apparatus and its pur- 
pose. In addition they contain results 
of tests and may suggest new schemes 
of arrangement conducive to longer 
life, simpler construction, lower man- 
ufacturing costs, and more reliable 
operation. In concluding, the reports 
contain recommendations based on 
results of an impartial investigation 
made with all the facilities the Labo- 
ratories can command. They are for 
the immediate use of the designer 
responsible for the apparatus in ques- 
tion and serve as a valuable future 
reference library for the use of the 
various design groups. 


(oarrier Systems in Australia 


J. S. Jammer, formerly of these Laboratories and now with 
the International Telephone and Telegraph Company, tells in 
that organization's quarterly for July of the adoption of the 


carrier-current system in Australia. 


He states that a marked 


improvement in service resulted after a three-channel carrier 
system had been installed between Sydney and Melbourne 
towards the end of 1925. The success of this first carrier led 
to the installation of a six-channel, four-wire system between 
Sydney and Newcastle. A carrier-telegraph system was then 
installed between Sydney and Melbourne, and between Mel- 


bourne and Adelaide. 


In all, there were installed 13,000 


channel miles of carrier-telephone and 6,000 channel miles of 


carrier-telegraph circuits. 
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Announcing the 740-А P.B.X. 


Ву J. С. FERGUSON 
Systems Development Department 


ECOGNITION of the value 
R of telephone service to busi- 
ness houses came so soon 
after the first telephone conversation 
that a private branch exchange switch- 
board was in use at Ansonia, Connec- 
ticut, less than five years later. Since 
then the course of development of 
P.B.X. switchboards has been steady, 
paralleling closely that of switch- 
boards for central offices. As tele- 
phone messages have taken an increas- 
ingly important part in the transaction 
of business, P.B.X. switchboards to 
meet a wide variety of traffic situa- 
tions have been brought out, embody- 
ing in each case whatever current de- 
velopments were appropriate. Intro- 
duction of the dial in the Bell System 
paved the way for the 700-C dial 
P.B.X., which has all its stations con- 
nected to step-by-step apparatus for 
local and outgoing calls. To com- 
plete incoming calls, however, an op- 
erator is needed, so the stations are 
also connected to jacks for manual 
operation. Though this system is 
feasible for establishments of almost 
any size, it is ordinarily only in in- 
stallations serving one hundred sta- 
tions or more that it is economical to 
have the lines appear at combined 
manual and step-by-step equipment. 
The majority of business houses re- 
quire fewer than 100 station lines and 
to provide these firms with a more 
satisfactory dial service the 740-A 
P.B.X. is now available. The cost of 
operating the new P.B.X. will be con- 


siderably less than that for a corre 
sponding 700-C, due partly to the 
fact that a cheaper method has been 
devised for handling its incoming 
calls. These calls come in not to a 
manual switchboard with a jack for 
each line but to a small attendant's 
cabinet containing lamps and keys. 
The cabinet, which somewhat resem- 
bles a cordless P.B.X., will take up 
only about one square foot of space 
on a commercial desk. The atten- 
dant can therefore do other work 
when she is not busy with calls and 
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Attendant’s cabinet, located in a butlers 
pantry. The pictures were taken at the 
first installation, on a large country estate 


it is expected that she will be able to 
give approximately two-thirds of her 
time to clerical duties. 

Keys and lamps on the front panel 
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of the attendant's cabinet, when used 
in conjunction with a standard dial 
sub-set on her desk, enable her to 
connect a total of ten central office 
trunks and P.B.X. tie lines to desired 
extensions; she can also originate 
local or outgoing calls. Each trunk 
and tie line is equipped with two keys 
and three lamps. One key is used to 
connect the trunk or tie line to the 
attendant's telephone or to hold it 
until a required extension is available, 
the second key connects a station line 
to a central office trunk for night ser- 
vice and the three lamps show the 
status of any call in progress. Опе 
of two keys associated with the at- 
tendant's line must be operated every 


Mechanical and power equipment, in the 


power house of a large estate. In the 
foreground, switch frame; to the right, 
power cabinet 


time she dials, and the other every 
time she originates or transfersa call. 
Provision of a second cabinet in- 
creases the possible number of trunks 
and tie lines from ten to nineteen, the 


maximum that can be accommodated 
in any installation. 

The step-by-step switches and their 
associated equipment are mounted on 
the switch frame. One side of this 
frame provides for the equipment of 
twenty selector-connectors, nineteen 
trunk or tie line circuit units and one 
attendant's telephone circuit unit. 
The other side is arranged to mount 
twenty line finders and the miscellane- 
ous equipment associated with the cir- 
cuits on the frame. 

The switch frame is stocked fully 
wired and equipped except for line 
and cut-off relays, line finders, ѕе- 
lector-connectors and trunk or tie line 
circuit units which will be provided in 
accordance with busy hour trafhc. 
When the switch frame is located in 
an office it will be enclosed in a sheet 
metal casing finished in olive green. 

The power cabinet contains the 
storage battery with its charging, 
voltage regulation and alarm equip- 
ment. 

By operating the dial on the tele- 
phone of any station line, it will be 
possible to connect with any other 
station line, with the attendant's line, 
with a central-office trunk (unless the 
station line is denied central-office ser- 
vice) or with a tie line to an asso- 
ciated distant P.B.X. The dial tie 
line feature is extremely attractive to 
a firm which requires efficient com- 
munication channels between its 
branches located in the same city or 
in adjacent neighborhoods, but too 
far apart to be served economically 
by one P.B.X.; the 740-A provides 
for tie lines to as many as three such 
distant P.B.X.’s. A tie line permits 
direct interconnection of two P.B.X.'s 
without the intervention of the cen- 
tral оћсе operator and the advantage 
of this arrangement is well appreci- 
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ated by those of us in the Labora- 
tories who have reason to make fre- 


quent calls to 195 Broadway. 


When any call is being originated, 
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Selector-connector side of the switch 
frame; at the top, trunk circuit. and at- 
tendant’s circuit equipment 


the removal of the receiver from its 
hook will cause a line finder to oper- 
ate to connect the calling station to 
an idle selector-connector. The call- 
ing party on hearing dial tone will 
dial the desired number, consisting of 
two digits for a station line and one 
digit for a trunk or tie line, and the 
selector-connector will operate to 
connect the calling line to the called 
station or to select an idle trunk or tie 
line. Normally the P.B.X. will 
have a capacity of 88 station lines and 
10 trunks to the central office but the 
station line capacity will be somewhat 
less than 88 lines where tie lines are 


provided or where more than 10 cen- 
tral-ofhce trunks are required. 

An incoming call will signal the at- 
tendant, who will operate a key, find 
out what extension is wanted, and dial 
its number. If the line is busy or if 
the party does not answer, she can 
dial another extension or hold the 
call until the desired line is free. When 
the called party hangs up his receiver, 
the switches will release without as- 
sistance from the attendant, thereby 
relieving her from interruptions in 
her other work. On incoming calls 


Line-finder side of the switch frame 


the attendant can be summoned by a 
movement of the receiver hook at 
the extension and she can transfer the 
call to another line by releasing the 
switches and dialing the new number. 
Night service keys allow each trunk 
to be connected directly to one station 
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line so that night calls from central 
office can be routed to as many sta- 
tion lines as there are trunks and, 
since all local and outgoing calls are 
dialed, a night attendant at the 
P.B.X. will seldom be required. 
From the manufacturing, operat- 
ing, and cost aspects the equipment 
of the 740-A P.B.X. is a particularly 
happy combination. Practically all 
of its apparatus and circuits resemble 
corresponding apparatus and circuits 
in step-by-step central offices so that 
its manufacturing problems are not 
new and its maintenance requirements 
and adjusting procedure are those 
used in a central office. Its two fun- 
damental units of equipment, the line 
hinder and the selector-connector, are 
similar in appearance and require 
similar assembling processes and 
maintenance routines. Maintenance 
will be further simplified by the regu- 
lating equipment* which will auto- 
matically matntain a battery potential 


*The power plant is described by Lewis 
Earl on pages 389-391. 


between the limits of 44 and 50 volts. 

Telephone equipment cannot be 
manufactured in a day and yet to 
give efficient service a telephone com- 
pany should be prepared to supply a 
P.B.X. to a customer on short notice. 
Because of the great variations in the 
telephone requirements of different 
businesses it is extremely difficult to 
design a dial P.B.X. which can be 
speedily distributed and installed. 
Particular attention was paid to this 
phase in engineering the 740-A. Like 
a ready-made suit, it is manufactured 
in advance to meet the requirements 
of a percentage of its customers and 
is easily altered to satisfy the others. 
Where it fits the trafic requirements 
without alteration, it is simply neces- 
sary to locate the switch frame, the 
power equipment and the attendant's 
cabinet and to run their connecting 
cables; adjustment to traffic needs re- 
quires little more than this. 

Early orders indicate that the 
740-A is a welcome addition to the 
P.B.X. family. 
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A New Method in Television 


onstration of television appa- 

ratus using sunlight for illumi- 
nating the scene to be transmitted. 
This marks a definite forward step in 
the advancement of the art but still 
leaves a wide gap to be crossed be- 
fore commercial application of any 
sort can be contemplated. Two tennis 
players going through their strokes 
on the roof of Section G were viewed 
clearly in the receiving apparatus in- 
stalled in Room 762. Other actors 


ШЕ 12 saw the first public dem- 


boxed and danced, swung baseball 
bats and in other ways providedlively 
scenes for transmission. The demon- 
stration was given for members of 
the metropolitan press. 

In the first form of apparatus, 
demonstrated in April of last year, 
the scene was illuminated by a rapidly 
oscillating beam from a powerful arc 
light, and that method limited the 
scene to be transmitted to a compara- 
tively small area — the area of a per- 
son's head and shoulders. The new 
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Transmitting unit of the new television system. $. D. Morrison swings the tennis 


racket and J. К. Hefele is at the controls 


development, by using sunlight as the 
means of illumination, frees televi- 
sion from one of its most serious lim- 
itations. 

The scene or event to be transmit- 
ted is reduced to the form of animage 
by a large lens, this image being 
scanned by a swiftly rotating disc sim- 
ilar to that previously employed but 
much larger. The light allowed to 
pass by the holes in the disc falls 
upon a photo-electric cell of extreme 
sensitiveness which takes the place of 
the three large cells formerly em- 
ployed. The experiments show that 
moving persons or objects can be 
scanned when at a considerable dis- 
tance from the lens, so that the focus 


does not require changing from mo- 
ment to moment. | 

The developments which were dem- 
onstrated were perfected by Frank 
Gray working in collaboration with 
H. E. Ives. Of principal importance 
is the light-responsive cell, whose 
greater sensitivity compared to that 
of the older cells made possible the 
other changes. The signals sent out 
are identical in type with those given 
by the former transmitting apparatus. 
No important change has been neces- 
sary therefore in the receiving appa- 
ratus or in the transmitting medium, 
whether wire or radio, on account of 
the improvement which has been 
made in the transmitter. 
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A general view of the transmitting station and antenna at Deal 
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Line terminal equipment at. Netcong 
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The Opening of Transatlantic Service 
on Short Waves 


HE demand for transatlantic 
| telephone service which no 
longer ago than the first of 
the year resulted in an average of six 
to eight calls a day, has recently been 
producing an average of over thirty 
with as many as sixty calls on some 
days. So rapidly has the traffic grown 
that those of our engineers engaged 
in designing and erecting the new 
short-wave equipment to afford an 
additional channel have found scant 
opportunity for leisure. Their work 
is now nearing completion and it is 
expected that two-way commercial 
operation will begin shortly. 
Short-wave operation so far as our 
engineers are concerned is not an 
entirely new thing. It will be recalled 
that ever since transatlantic service 
was first opened, we have had a sup- 
plementary west-to-east short-wave 
channel available for use at such times 
as atmospheric conditions discrimi- 
nated in favor of short waves as 
against long waves. Until very re- 
cently, however, the British post-office 
engineers have had по short-wave 
transmitting facilities for transatlan- 
tic telephony and two-way operation 
upon a short-wave channel is there- 
fore a new undertaking. It is expec- 
ted that additional short-wave chan- 
nels will be required in the not distant 
future to take care of coming growth. 
There are several interesting points 
of difference between the short-wave 
system andthe long. It will be recalled 


that two-way operation in the case of 
the long waves has been accomplished 
on a single wave-length by the use of 
the single-sideband method of trans- 
mission and voice-operated relays 
which permit of telephone currents 
traveling in but one direction on the 
circuit at any instant. Single sideband 
transmission and working both ways 
on one wave-length are not now prac- 
ticable commercially on short waves. 


Short-wave radio receiver at Netcong 


The voice-operated devices, however, 
are employed in connection with two 
slightly different wave-lengths, one of 
which is used for eastbound speech 
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and the other for westbound speech. 

As a matter of fact, theshort-wave 
telephone channel actually has three 
pairs of wave-lengths available. Our 
radio transmission studies over the 
past few years have shown that each 
of the wave-lengths is particularly 
suitable for certain times of day and 
that with the three of them available, 
operation is normally possible 
throughout a large portion of the 
day. One wave-length is normally best 
during the daylight hours, a second 
for night conditions and the third for 
times when part of the transatlantic 
path is illuminated and part of it is in 
darkness. Conditions also vary with 
the seasons. | 

While operating on any one wave- 
length, the short-wave transmitter 
has its frequency accurately controlled 
by a vibrating quartz crystal placed in 
a constant temperature enclosure. The 
change from one wave-length to an- 


other is effected by changing the crys- 
tal and also the inductances in the out- 
put circuits of the various stages of 
the high frequency amplifier. The 
equipment is so designed that а 
change from one wave-length to an- 
other can be accomplished in five to 
ten minutes. 

The American transmitting station 
is at Deal, New Jersey, and occupies 
the building and grounds originally 
used for the ship-to-shore experiments 
in radio-telephony from 1010 to 
1922. Reception from England is at 
Netcong, New Jersey, where build- 
ings have recently been erected and 
equipment installed. Both stations 
are connected by wire lines with the 
Long Lines building at 24 Walker 
Street, New York. Here the two one- 
way circuits converge and become 
a two-way circuit for connection 
through the Long Distance switch- 
board to the lines of the Bell System. 


Business and the Telephone 


American Telephone and Telegraph reports net earnings of 
$79,543,000 in the six months ended June 30, compared with 
$74,687,000 im the corresponding period of the preceding 
year. There is no better barometer of business than the tele- 
phone. Omne might worry if revenues of the telephone com- 


panies were on the decline. 


— Wall Street Journal, July 18, 1928. 
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Taking the Harm Out of Harmonics 


By R. E. CORAM 
Apparatus Development Department 


HEN a radio listener hears 
two programs instead of 
one, he is, quite properly, 


annoyed. And when the unwanted 
program persists in spite of careful 
tuning his attitude toward the inter- 
fering station is far from cordial. 
The broadcasting station which oper- 
ates on an authorized carrier of 600 
kilocycles and then for good measure 
supplements this by sending out its 
program on 1200 and 1800 kilocycles 
is offering a kind of good measure of 
which broadcasting is in no present 
need. The accompanying chart shows 
a group of broadcasting frequencies 
spaced at intervals of ro kilocycles 
and also shows the po- 
sitions occupied on the 
frequency scale by their 


a sense, be an electrical analogue ot 
the familiar tuning fork. The tuning 
fork probably comes as close to pro- 
ducing a pure tone — that is, a tone 
free from harmonics — as any of the 
more familiar sounding bodies. Large 
power output, however, is not one of 
the requirements of a tuning fork in 
its usual applications. Accordingly 
the tuning fork is operated over that 
part of its input-versus-output curve 
which is practically a straight line. 
However, the characteristic of the os- 
cillator of a broadcasting transmitter 
is sharply bent within its useful oper- 
ating range. It follows from this fact 
that any but the feeblest excitation of 
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With the advent of А в c DE 
more and more power- 
ful broadcasting sta- 
tions, the troublesome 
interference caused by carrier. wave 
harmonics will increase unless particu- 
lar care is bestowed upon their sup- 
pression. 

Usually the best way to get out of 
trouble is to avoid getting into it. In 
regard to the harmonic waves of 
broadcasting, this dictum, however, 
does not apply. It is not practicable 
to operate a transmitter in such а 
manner that no harmonics of its car- 
rier wave will be produced. А trans- 
mitter free from harmonics would, in 
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the radio oscillator generates har- 
monic waves as well as the funda- 
mental. 

Since broadcasting transmitters are 
necessarily expensive, good engineer- 
ing economy lies rather in the direc- 
tion of overloading than of underload- 
ing them. This necessarily presup- 
poses the copious generation of har- 
monics of carrier waves. The de- 
signer of broadcasting equipment 
must, therefore, devise some scheme 
for by-passing and suppressing these 
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harmonics whose production he can- 
not economically prevent. 

The problem of freeing the author- 
ized carrier of a broadcasting station 
of its harmonics bears a certain re- 
semblance to the purification of a 
chemical compound. Ordinarily, a 
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mitter has a power input into the an- 
tenna system of 50 kilowatts for the 
carrier wave alone, and the instan- 
taneous peak power during the broad- 
casting of a program may reach 200 
kilowatts. That is enough power to 
meet the requirements of a village of 
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Output circuits of the Fifty-kilowatt Transmitter 


purity of 80 to 95 per cent can be 
readily and cheaply attained. To 
carry this to 99 per cent costs consid- 
erably more and to carry it to 99.9 
per cent, many times as much. A re- 
duction of harmonic radiation to zero 
is naturally far from practicable. The 
extent to which the purification is car- 
ried out is now left largely to the de- 
signers of the radio transmitter, and 
they look upon it as an economic bal- 
ance between the job that they would 
like to do and the cost of the equip- 
ment that can be justified. The more 
powerful the broadcasting transmit- 
ter, the more important becomes the 
problem of attenuating its harmonics, 
and the greater the care which must 
be bestowed upon its harmonic filters. 

In this respect, as in many others, 
3XN, the latest broadcasting devel- 
opment of our Laboratories, marks a 
new level of attainment. The trans- 


over a hundred houses, and yet with 
all that power in the carrier wave, the 
amount of the second harmonic al- 
lowed to escape would not light the 
tiniest incandescent lamp made. To 
be exact, it is less than .005 watt and 
represents about one-ten-millionth of 
the power of the carrier wave. 

The output circuit of the transmit- 
ter, with its coils and condensers, con- 
stitutes a labyrinth that brings very 
nearly complete destruction to the 
harmonics although it lets the carrier 
pass unhindered. Its operation is sim- 
ilar in principle to that of the electric 
filter which can separate currents of 
certain frequencies from currents of 
other frequencies. The harmonic- 
suppressing circuits are a sort of fil- 
ter which wastes away in heat the un- 
desired currents instead of allowing 
them to escape to spoil DX and short- 
wave reception. 


An Efficient Driving Coil for 


Loud Speakers 


By A. L. THURAS 


Research Department 


Р | “НЕ high efficiency and qual- 
ity obtained by the No. 555 
loud-speaking receiver,* and 

the large acoustic power which it is 

capable of radiating without distor- 
tion, are due in considerable measure 
to a driving coilt of novel form. This 
coil is a single layer of aluminum rib- 
bon, weighing about one-sixtieth of 
an ounce. Wound on edge, the wider 
faces of the turns are adjacent, and 
are cemented together by the insula- 
tion so firmly that the coil can with- 
stand an alternating force of seven 
pounds. This type of construction 
serves several purposes. The voltage 
between adjacent turns is low: hence 


Sketch of a driving coil 


thin insulation may be used and the 
effect of distributed capacity is les- 
sened. Wire of rectangular instead 
of circular cross-section gives a higher 
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ў For suggestions and development in the de- 
sign and making of these coils the author is in- 
debted to L. М. Hampton, К. О. Mercner and 
J. L. Mathison. 


space-factor; together with the omis- 
sion of any supporting framework, 
this makes possible a smaller air-gap 
and higher magnetic flux-density. 
Heat dissipation is ап important 
factor in loud speakers designed to 


WATTS IN MOVING COIL 


2 pe 


Ы p 


%--0 20. 30 40 50 6 70 80 90 300 110 120 130 140 1% 
TEMPERATURE-DEGREES CENTIGRADE 


Temperature rise of a moving coil of the 


555-W receiver 


handle large powers. A test was made 
of a coil first in the open air where it 
was found capable of dissipating four 
watts at a temperature of 150 de- 
grees C. Attached to a diaphragm, 
the coil could dissipate eleven watts, 
and when finally placed in its operat- 
ing position in the air-gap it could 
dissipate twenty-one watts. Radiation 
across the air-gap is thus seen to play 
an important part in carrying off the 
heat; in this connection, a small air- 
gap has additional importance. The 
metal of the winding is continuous 
from the interior to the surface; this 
contributes to adequate cooling and 
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lessens considerably the danger of 
warping the coil under heavy input. 
Lightness of the moving system, 
due to its simplicity and its use of 
aluminum, has increased the response 
at high frequencies and so has im- 
proved the characteristic curve. Fur- 
ther improvement follows from the 
lack of weight in the coil, which other- 
wise might resonate with the stiffness 
of various parts of the diaphragm. 
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First developed for use in scientific 
instruments to measure acoustic im- 
pedances, coils of this type, like many 
another research device, are now find- 
ing application in a number of fields. 
What was intended to measure the 
dynamic characteristics of vibrating 
structures now finds itself launching 
the exhortations of the politicians or 
crashing out the drums and brasses of 
the jazz bands. 


A micro-photograph of an actual coil. Left, cross-section 
of а coil mounted in sealing wax. Right, side view of a 
straightened section of coil. Both are enlarged about fif- 
teen times. Uniformity of the winding and thickness of 
the insulation are evident. The curved edges of the ribbon 
prevent short-circuits which might be caused by rough 


handling 
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Dr. Н. D. Arnold 


At а meeting of the Board of Directors of City Trusts (City 
of Philadelphia), July 17, 1928, upon the recommendation 
of its Advisory Committee, there was awarded to Н. D. Arnold 
the John Scott Medal, Certificate and Premium of $1000 for 
the “development of the three-electrode high-vacuum tube.” 


Р | “HE many friends and busi- 
ness associates of Dr. Arnold 
are highly gratified to learn 

that the Directors of City Trusts have 
awarded to him the John Scott Medal 
and accompanying premium for the 
"development of the high-vacuum 
three-electrode thermionic tube." As 
a close associate of Dr. Arnold’s for 
seventeen years I should appreciate 
the privilege of saying a few words 
to the readers of the RECORD regard- 
ing him and concerning his work 
which has signally contributed to the 
whole field of communication as well 
as to related fields. 

Dr. Arnold took his undergradu- 
ate work at Wesleyan, following this 
at the same institution by one year of 
graduate research on electric arcs un- 
der Professor W. G. Cady. After 
receiving his Master’s degree in 1907, 
he went to the University of Chicago 
on a fellowship and worked under 
Dr. R. A. Millikan. 

In 1910 the American Telephone 
and Telegraph Company, which had 
been gradually extending the length 
of its long distance circuits, had un- 
dertaken to solve the problem of 
transcontinental telephony. To estab- 
lish such a service economically, it 
was recognized, a telephone repeater 
certainly greatly improved over any- 


thing then available but more prob- 
ably operating on an entirely different 
principle was necessary. Appreciat- 
ing that the field of electron-discharge 
phenomena offered very substantial 
possibilities of affording a solution of 
the repeater problem, Dr. F. B. Jew- 
ett wrote to Professor Millikan, rec- 
ognized even then as preeminent in 
this field of physics, and asked him if 
he could recommend a man to under- 
take the development of electron-dis- 
charge repeaters. It is not, I trust, a 
breach of confidence to quote from 
Professor Millikan's letter to Dr. 
Jewett, saying that he had a man 


who is taking his degree this fall, so that he 
could go into the employ of the telephone com- 
pany, if vou can make arrangements with him 
right away, His name is H. D. Arnold; I have 
had intimate association with him ever since 
1907; I regard him as one of the ablest men 
whose research work I have ever directed and 
whom I had in classes, and also I know him 
intimately as a man of the highest character 
in every particular, and a man who would be 
satisfactory for the purpose you have in 
mind; * * + 


How well Professor Millikan's 
choice has been justified the John 
Scott Medal award is but one evi- 
dence. 

Arrangements having been com- 
pleted, Dr. Arnold entered the En- 
gineering Department of the West- 
ern Electric Company in January, 


{411} 


1911. After a brief review of cer- 
tain aspects of the telephone repeater 
problem, he turned his attention to 
the development of a suitable re- 
peater element. Не first directed his 
eflorts to devices employing a mer- 
cury arc and by July, 1912, he had 
produced a repeater element employ- 
ing a mercury arc. This repeater was 
used commercially to a limited extent. 

Quite promptly, however, Dr. Ar- 
nold's attention was called to the 
"audion" of Dr. Lee DeForest, one 
of the most interesting and important 
inventions in modern electrical art. 
Although at that time a very crude 
instrument incapable of being used as 
a repeater in the telephone plant, Dr. 
Arnold recognized the possibilities in- 
herent in this instrument and with the 
full concurrence and support of those 
responsible for the long toll-line pro- 
gram, he undertook the development 
which, starting on the basis of De 
Forest's three-electrode audion, re- 
sulted in the production of the mod- 
ern three-electrode high-vacuum ther- 
mionic tube. This tube is adaptable 
to a wide range of purposes and was 
specifically adapted by him to com- 
mercial use in long distance wire and 
radio communication. 

Speaking more specifically, Dr. Ar- 
nold's contributions may be listed as: 
first, the appreciation of the neces- 
sity of a high vacuum, and the devel- 
opment and application of methods 
for obtaining such a vacuum; second, 
the recognition of the existence and 
the importance of the space-charge 
effect of electrons in such a high- 
vacuum device, and the calculation of 
the magnitude of this effect and meth- 
ods for its adaptation to commercial 
purposes; third, the development of 
the theories as to and means for ob- 
taining proper physical constants for 


the tube in the way of input and out- 
put impedances and amplifying ratios ; 
and fourth, the adaptation of tubes 
involving these newly developed prin- 
ciples to the telephonic problem of 
long-distance wire telephony and also 
ОЁ radio telephony. He developed de- 
signs for these tubes and methods for 
their manufacture such that they 
could be reproduced with accuracy 
and that dependable and interchange- 
able tubes could be made to meet 
the telephonic requirements of relia- 
bility and ease of maintenance. This 
work included not only the develop- 
ment of principles as to the spatial re- 
lations of the mechanical parts of the 
tubes but the development, under his 
immediate direction and at his sug- 
gestion, of an oxide-coated filament as 
а source of electrons within the tube. 

The principles which he thus devel- 
oped have since been further applied 
and extended but he himself individu- 
ally was concerned with the first com- 
mercial application to wire and radio 
telephony of the tubes which he had 
developed. The vacuum tubes for 
transcontinental line operation met 
line tests in July, 1914, and public 
service early in 1915. Other tubes he 
developed to meet the problems of 
radio transmission; and these served 
as generators, modulators, amplifiers 
and detectors in radio transmission 
on April 4, 1915, from Montauk, 
Long Island, to Wilmington, Dela- 
ware, and later in the year in trans- 
mission from Arlington to Honolulu 
and Paris, and to other points. 

lo give any adequate picture of 
the present-day use of the high-vac- 
uum tube, even in the wire communi- 
cation. plants of the world, would 
carry me far beyond any space the 
Editor would permit me. In a word, 
however, this instrumentality has 
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made commercially possible the ra- 
pidly expanding toll-cable network 
which today includes the cities of the 
Atlantic seaboard and the cities of 
the middle west extending even into 
the south and southwest. One needs 
no prophetic insight to see practically 
the whole of the United States, not to 
mention adjacent territory, included 
in a great cable network. In Europe 
likewise, all of western Europe in- 
cluding the British Isles is being linked 
together by a comprehensive network 
of toll cables, made possible by this 
same instrumentality. Open-wire lines 
too have been made more effective by 
the use of the high-vacuum tube either 
as a voice-frequency repeater or by 
the use of the carrier method which 
is itself made commercially feasible 
by the vacuum tube. The modern 
loaded high-speed submarine cable 
also owes its debt to the high-vacuum 
tube which most readily permits full 
advantage to be taken of the possi- 
bilities inherent in this type of cable. 

In concluding, that the reader may 
not be left with an unbalanced picture 
of Dr. Arnold's technical contribu- 
tions, it 1s but fair to point out that 


while the development of the high- 
vacuum tube and its earlier applica- 
tions were largely the results of his 
personal work or of work done under 
his close direction, as the research 
activities of the Bell System broad- 
ened his responsibilities were like- 
wise broadened in scope with corre- 
sponding increase in staff for whose 
work he was responsible. Under his 
eficient direction, not to mention his 
very definite contribution of ideas, 
fundamental research work upon 
many phases of the communication 
art has been carried on. These have 
notably advanced the whole telephone 
art both wire and radio; they have 
made available new methods in land 
wire telegraphy; in submarine cable 
telegraphy they have furnished a new 
type of cable with appropriately mod- 
ified methods of operation; they have 
given new methods of recording 
sounds, making possible improved 
phonograph records and making prac- 
tical the so-called talking movie; and 
finally, not to extend the statement 
further, this work finds more or less 
direct application to the problem of 
those with impaired hearing. 


Е. Н. Colpitts 
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News Notes 


Dr. JEWETT delivered the Edgar 
Marburg Lecture on June 27 before 
the A. S. T. M. Convention at Atlan- 
tic City, his subject being “Some Re- 
search Problems Involved in Transat- 
lantic Telephony." 

THREE NEW MEMBERS from the 
Laboratories have recently been 
elected by Edward J. Hall Chapter, 
Telephone Pioneers of America. They 
are D. T. May, R. T. Staples and W. 
V. Thompson, all of the Apparatus 
Development Department. 

FIFTEEN naval officers were enter- 
tained in the Laboratories by mem- 
bers of the technical staff concerned 
with radio engineering, under the di- 
rection of O. M. Glunt and E. L. 
Nelson. These men were afforded an 
opportunity to visit the Whippany 
radio station on July 16, and the next 
day, under the direction of W. Wil- 
son and А. А. Oswald, they visited 
the radio laboratories at Cliffwood 
and Deal Beach. All of the officers 
in the group are this year finishing 
graduate courses at Annapolis. 

P. NORTON attended the June 27 
session of the A. S. T. M. Convention 
at Atlantic City. 


APPARATUS DEVELOPMENT 


AMONG those in attendance at the 
Annual A. S. T. M. meeting at Atlan- 
tic City during the week of June 25 
were W. Fondiller, F. F. Lucas, H. 
N. VanDeusen, W. J. Shackelton, E. 
Montchyk, J. R. Townsend, J. M. 
Wilson, C. H. Greenall and H. A. 


Anderson. 


H. М. VANDEvwsEN, R. M. BURNS 
AND W. A. Bovp, with W. С. Free- 
man of the Development and Re- 
search Department, visited dial offices 
in Omaha and Chicago during the 
week of July 9 to inspect equipment 
from the standpoint of materials. 

I. V. WILLIAMS visited the Service 
Machine Company at Elizabeth. on 
June 26 in connection with the use of 
malleable iron in ladder brakes for 
central offices. 

L. B. Сооке spent several days in 
Johnstown, Pennsylvania, making 
modifications and adjustments in the 
power line carrier system of the Asso- 
ciated Gas and Electric Company. 

H. M. STOLLER visited the West- 
ern Electric shop at Philadelphia to 
test transformers for control motors 
of talking moving picture apparatus. 

J. J. KUHN made a survey of the 
Atlantic City Convention Hall, par- 
ticularly in regard to the Public Ad- 
dress System to be installed there. 

H. BROADWELL inspected precision 
interrupters for testing step-by-step 
switches in Reading, Pennsylvania, 
on June 14. 

O. F. FonssERG AND H. W. Gorr 
visited Hawthorne during the week 
of June 18 in connection with new de- 
velopments on terminal strips and 
dials. 

J. М. REvNorps Амр Н. Е. Dos- 
BIN were in Hawthorne during the 
week of July 2 for conferences on 
dial system apparatus. 

У. Е. Вонмам visited Albany on 
July 6 to observe the operation of 
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step-by-step switches installed there. 

CONSIDERABLE THOUGHT is being 
given at this time to the extended use 
of die-cast parts for substation appa- 
ratus. In this connection A. F. Gil- 
son and H. T. Martin, with E. V. 
Reigle of Hawthorne, visited the 
plant of the Precision Die Casting 
Corporation at Syracuse on June 19. 
From their experience in making cast- 
ings as well as in development of dies, 
officials of this company gave our en- 
gineers much valuable information. 

A. K. ASTER addressed the Visual 
Education Department of the Na- 
tional Educational Association at its 
convention in Minneapolis on July 5, 
his subject being "Looking Into the 
Future Through Electrical Eyes." 

D. H. NEWMAN made a survey for 
the installation of a one-kilowatt 
broadcasting equipment for the Rich- 
mond Development Corporation in 
Roanoke, Virginia, after which he su- 
pervised the installation of a 105-B 
equipment for the Chicago Daily 
News at Elmhurst, Illinois. In Chi- 
cago, he made inspections of the sta- 
tions of the Moody Bible Institute 
and the Radiophone Broadcasting 
Corporation, and in Pittsburgh, in- 
spected the Gimbel Brothers’ radio 
station. 

H. S. PRICE visited Cincinnati in 
connection with work preliminary to 
the installation of the so0-kilowatt 
broadcasting equipment for the Cros- 
ley Radio Corporation. He also in- 
spected the radio station of the Edi- 
son Electric Illuminating Company in 
Boston. 

W. 1. TIERNEY is supervising the 
first installation of a crystal-controlled 
oscillator unit of Western Electric 
manufacture at KFI, Earle C. An- 
thony's station in Los Angeles. Не 
will also supervise the installation of 


a 106-A broadcasting equipment for 
Nichols and Warinner at Long Beach 
and a 105-C equipment for the West- 
ern Broadcasting Company of Los 
Angeles. 

THE ARTICLE by J. К. Townsend 
on Strength Tests of Telephone Ma- 
terials which appeared in the RECORD 
for December, 1927, was reprinted 
in the July number of Instruments. 


RESEARCH 
A. R. Kemp attended the Colloid 


Symposium held at Toronto Univer- 
sity during the week of June 11, later 
visiting the plant of the Northern 
Electric Company in Montreal. Mr. 
Kemp visited the Simplex Wire Cable 
Company at Boston on June 27 and 
28 in connection with developments 
in rubber covered wire. 

C. J. DAvisson has been invited to 
present a paper at this year’s meeting 
of the British Association for the Ad- 
vancement of Science on the work 
which he and L. H. Germer have been 
doing on the scattering of electrons 
by crystals. The meeting will be held 
in Glasgow from September 5 to 12. 
While abroad Mr. Davisson will visit 
laboratories in Scotland and England. 

Harvey FLETCHER attended meet- 
ings of the American Federation of 
Organizations for the Hard of Hear- 
ing at St. Louis from June 18 to 22, 
and at a meeting of the Board of 
Managers was elected President of 
the Federation, to hold office for two 
years beginning in June, 1929. While 
in Minnesota earlier in the month, 
Dr. Fletcher visited the Mayo Clinic 
at Rochester as the guest of Dr. 
Sheard, head of research in physics. 

J. B. KELLY attended a meeting of 
the American Federation of Organi- 
zations for the Hard of Hearing held 
in Cleveland, demonstrating the 4-A 
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audiometer, and lecturing on the 
methods of testing the hard of hear- 
ing to a group of teachers who are 
studying speech reading. 

Н. E. ІУЕв was a guest of George 
Eastman at the demonstration of col- 
ored moving pictures held July 30 at 
Rochester. 

C. F. KELLER visited the Philadel- 
phia Instrument Shop on June 19, in 
connection with the production of 
a testing set for operators’ instru- 
ments. 

А. MELHOoSE AND А. D. Down 
have returned from the Azores, and 
A. B. Newell and M. B. Kerr from 
Emden, Germany, after making tests 
on the New York-Azores-Emden sub- 
marine telegraph cable. 

E. С. Mayer returned June 29 
from a two months’ stay at Haw- 
thorne, where he made studies in the 
standardization of analytical chem- 
ical procedure. 

J. A. ТЕЕ visited the plant of the 
Northern Electric Company at Mon- 
treal on June 13 and 14. On June 29 
Mr. Lee attended a meeting of the 
American Society for Testing Mate- 
rials at Atlantic City. 

J. Е. WENTZ left for Key West, 
Florida, on July 2 to make measure- 
ments on telephone cables. 

A. L. Јонмѕкор lectured on tele- 
vision before the summer session of 
the University of Minnesota at Min- 
neapolis on July 23. 


SYSTEMS DEVELOPMENT 


J. MESZAR spent several days at 
the Cleveland Toll Office ir. connec- 
tion with tests on No. 3 toll switch- 
board equipment. 

К. C. HERSH AND Е. С. BLESSING 
have made tests on Type B carrier 
telegraph repeaters at Elmira, New 
York. 


T. A. JONES is in the far west, 
making studies of static interference 
on open wire telegraph lines. 

К. W. Harper AND J. V. Moran 
spent several days in Washington, D. 
C., discussing the introduction of the 
panel system into that city. 

J. С. Warsu visited Syracuse іп 
connection with step-by-step equip- 
ment. 

L. J. BowNE made tests on P. B. X. 
equipment in Albany. 

R. E. NoBLE AND I. W. BRowN 
visited repeater stations at Richmond, 
Virginia, and Henderson, Norlina and 
Durham, North Carolina. 

К. H. MILLER visited Detroit on 
June 13 in connection with the new 
toll equipment now in process for 
that city. 

F. T. MEYER attended the cutover 
of the new dial system offices in Al- 
bany on June 23. 

J. G. FERGUsoN AND H. D. 
BRUHN visited the first commercial 
installation of a 740-A P.B.X., on an 
estate near Detroit, Michigan. 

W. F. MALONE is now in Key 
West, Florida, and Havana, Cuba, in 
connection with the installation of ad- 
ditional telegraph facilities over the 
Key West-Havana cable. 

C. BoRGMANN visited the Strom- 
berg-Carlson factory at Rochester 
during the latter part of June. 

К.Р. JUTSON visited Fort Wayne, 
Sault Ste. Marie and Detroit, in con- 
nection with studies of small auto- 
matic power plants. 

L. A. O'BRIEN leaves for England 
about August 8 to supervise the in- 
stallation of two-way type A picture 
transmission sets at London and Man- 
chester for the London Daily Ex- 
press. Since July 23 he has been test- 
ing the sets at the Philadelphia In- 
strument Shop with F. G. Gardner 
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and M. А. Byers of Long Lines, who 
will accompany him on the installa- 
tion trip. The group, under Mr. 
O' Brien's direction, will supervise the 
work of installation, carry out the 
operating tests, and train the custom- 
er's operators. Mr. O'Brien visited 
England March 21 to May 8 for an 
engineering survey of the project, and 
at that time arranged with engineers 
of the British Post Office for the cir- 
cuit to be used. 


OUTSIDE PLANT DEVELOPMENT 


C. D. Hocker, Е. Е. FARNs- 
WORTH AND D. T. SHARPE conducted 
cable fireproofing tests at Whippany 
on July о. 

E. M. Honan was in Boston from 
June 27 to 29 in connection with the 
development of wire testing facilities. 

С. S. Сокром, С. D. Hocker, E. 
M. Honan AND F. F. FARNSWORTH 
attended the A. S. T. M. Convention 
at Atlantic City during the latter part 
of June. 

C. Н. KLEIN visited Pittsburgh on 
July 3 to conduct development studies 
on metal products. 

B. A. MERRICK made several trips 
to Phillipsburg, New Jersey, in con- 
nection with development studies on 
linemen’s climbers. 


PATENT 


In company with patent attorneys 
of the Western Electric Company, J. 
G. Roberts made a visit of inspection 
to the Hawthorne Works during the 
week of July о. 

J. G. ROBERTS visited Montreal, 
Quebec, and Akron, Ohio, in connec- 
tion with patent matters. G. M. 
Campbell visited Philadelphia, and 
J. F. McEneany visited Washington 
for the same purpose. 


During March, April, May and 


June, patents were awarded to the 


following: 

W. J. Adams W. C. Jordan 

A. S. Bertels W. А. Кпоор 

B. G. Bjórnson G. A. Locke 

J. Blanchard M. B. Long 

D. G. Blattner F. K. Low 

O. E. Buckley (3) C. W. Lucek (2) 
H. A. Burgess G. R. Lum 

A. А. Clokey D. MacKenzie 

S. T. Curran E. C. Manderfeld 
A. M. Curtis (2) R. C. Mathes 

H. F. Dodge E. D. Mead 

G. W. Elmen C. R. Moore 

J. F. Farrington (2) E. К. Morton (5) 
J. C. Field W. E. Mougey 
H. Fletcher E. C. Mueller 

J. W. Foley P. B. Murphy (2) 
W. Fondiller E. L. Norton 

C. B. Fowler (2) A. A. Oswald (4) 
M. E. Fultz E. Peterson 

J. С. Gabriel W. A. Phelps 

J. O. Gargan A. Raynsford 
W. S. Gorton J. С. Schelleng 

C. W. Green E. E. Schumacher (2) 
A. Haddock O. A. Shann 

H. C. Harrison H. M. Stoller (5) 
R. V. L. Hartley (2) D. M. Terry 

W. H. Harvey G. Thompson 

R. A. Heising (4) G. M. Thurston 
E. T. Hoch H. W. Ulrich 

F. A. Hoyt H. Vaderson 

H. E. Ives (2) W. Whitney 

W. C. Jones S. B. Williams 


INSPECTION ENGINEERING 


DURING THE latter part of June 
and the early part of July, meetings 
were held at Pittsburgh, Philadel- 
phia and Washington to inaugurate 
review conferences in connection with 
Field Engineering work. Represen- 
tatives from the Telephone Company 
Engineering Departments, Western 
Electric Company Distributing 
Houses and Installation Department 
were present. G. D. Edwards, A. G. 
Dalton, R. J. Nossaman and W. K. 
St. Clair were the representatives of 
the Laboratories. 

E. G. D. PATERSON visited the 
plant of the Ohio Seamless Tubing 
Company at Shelby, Ohio, and that 
of the National Fireproofing Com- 
pany at Aultman, Ohio, to observe 
methods of manufacture and quality 
control of steel tubing and vitrified 
clay conduit. 
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К. M. Moor attended a regular 
survey conference on cable terminals 
at Hawthorne during the week of 
June 18. The following week O. S. 
Markuson attended a similar confer- 
ence on lead covered cable. R. M. 
Moody and H. C. Cunningham at- 
tended a survey conference at Kearny 
during the week of July 9 on inspec- 
tion methods for relays. 

T. L. OrivER has been appointed 
Field Engineer in the territory of 
the Southern Bell Telephone and Tele- 
graph Company with headquarters at 
Atlanta, Georgia. К. J. Nossaman 
visited Atlanta during the week of 
July 2 to introduce Mr. Oliver in this 
territory. 

J. A. Sr. CLAIR, formerly in charge 
of the Atlanta headquarters, will take 
charge of the Field Engineering work 
in the territory of the Pacific Tele- 


phone and Telegraph Company, with 
headquarters in San Francisco. 


GENERAL STAFF 


ON THE AFTERNOON OF JUNE 20, 
S. P. Grace addressed a group of 
executives and supervisors of the New 
York Telephone Company in their 
auditorium on the work and develop- 
ments of the Laboratories. 

MR. GRACE visited the Hawthorne 
works during the week of July 9. 

A. E. WAIGHT, formerly an instru- 
ment maker in the Model Shop, died 
on June 30. He entered the Western 
Electric Company in 1899, and was 
retired last year. At the time of his 
retirement Mr. Waight was entrusted 
with the adjustment of micrometers 
and other measuring devices, a field 
in which his skill and care proved ex- 
ceedingly valuable. 
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Club Notes 


‘The Laboratories’ team in the Bell 
System League did not play any of 
its regular scheduled games in June 
due to the great number of rainy days. 
Games were scheduled for June 5, 19 
and 29, but have all been postponed 
on account of wet grounds. At the 
present time the team representing the 
Laboratories is in second place and 
has an excellent chance of winning the 
National League Championship and 
having the opportunity to take part in 
the post-season championship series 
with the winner in the American 
League. А Spalding trophy will be 
given to the winner in each league 
and the team win- 
ning the post-season 
series will receive 
prizes valued at one 
hundred and fifty 
dollars. 

The Laboratories 
Club Interdepart- 
mental League com- 
pleted its 1928 season on Monday, 
July 9. The championship was won 
by the team representing the Tele- 
phone Systems Development Depart- 
ment without the loss of a game. 
This is the second championship 
which has been won by this depart- 
ment since the Club was organized 
and is due to a great extent to the 
excellent cooperation among the base- 
ball players of Mr. Dixon's organi- 
zation. The Ringers, a team which 
was composed of the baseball play- 
ers from the Research Department, 
Commercial Department, and Appa- 
ratus Development Department, fin- 


ished in second place. Each man on 
the winning team will receive as a 
prize a Parker fountain pen and a 
similar prize will be given to the most 
valuable player on each of the other 
teams in the league. 
Music 

Although the orchestra and glee 
club completed their scheduled weekly 
rehearsals early in 
May they plan to 
continue these ac- 
tivities during the 
summer months un- 
der the leadership 
of members of their 
own organizations 
Both groups are 
always glad to hear 
from new members and cordially in- 
vite musicians and vocalists to attend 
one or more of their summer rehear- 
sals. Both organizations have com- 
pleted their plans for the rehearsals 
which will start in October under the 
direction of professional leaders. 

TENNIS 

The Bell Laboratories Club will 
hold its first tennis tournament dur- 
ing September and October of this 
year. АП matches 
will be doubles and 
will be played at the 
Mammoth Courts, 
New York Avenue, 
Brooklyn, starting 
Saturday, Septem- 
ber 22. All court 
fees will be paid by the contestants 
and prizes will be donated by the 
Club. If you plan to compete in this 
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tournament communicate at once with 
W. Kuhn, Extension 304, or D. D. 
Haggerty, Extension 542. 


BowLING 
The Laboratories Club Bowling 


League held its election of officers 
and unanimously elected the follow- 
ing for the 1928-29 bowling season: 


General Chairman—A. Е. Gilson 
General Sec. Treas.—T. C. Rice 
Chairman, Group A—H. C. Dieffenbach 
Sec. Treas., Group A—G. B. Small 
Chairman, Group B—L. G. Hoyt 

Sec. Treas, Group B—T. V. Curley 
Chairman, Group C—G. C. Crawford 
Sec. Treas, Group C—K. M. Fetzer 


Chairman, Group D—O. Н. Danielson 
Sec. Treas, Group D—L. H. Bachmann. 


Additional information regarding 
the plans for the coming season will 
be published at a later date. 


SWIMMING 


Tickets for Brighton Beach Baths 
are sold by the Club for one-half the 
regular rate charged at the gate and 
the purchasing of these tickets elimi- 
nates any standing in line. The rate 
to the Laboratories Club members for 
Saturday is fifty cents and for Sun- 
days and holidays, one dollar. The 
management of the baths provides 
handball courts, athletic field, pools 
for the kiddies, and many other inter- 
esting attractions which are all in- 
cluded in the admission fee. 
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